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and intermediate layers are comprised of materials having either an A2 structure or a B2- ordered crystalline structure disposed between the 
seed layer and the magnetic layer. Materials having an A2 structure are preferably Cr or Cr alloys, such as CrV, CrMo, CrW and CrTJ. 
Materials having a B2-ordered structure having a lattice constant that is substantially comparable to that of Cr, such as those preferably 
selected from the group consisting of NiAl, AICo, FeAl, FeTi, CoFe, CoTi, CoHf, CoZr, NiTi, CuBe, CuZn, AIMn, AIRe, AgMg, and 
AhFeMn2, and is most preferably FeAl or NiAl. 
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TITLE OF THE INVENTION 
Manganese Containing Layer for Magnetic Recording Media 



5 



STATEMENT REGARDING FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 
This work was supported in part under a Department 
15 of Energy contract, No. DE-FG02-90ER45423 The United 

States government has certain rights to this invention. 

BACKGROUND OF THE INVENTION 

20 The present invention is directed generally to 

magnetic recording media and devices incorporating the 
media and, more particularly, to manganese (Mn) 
containing layers for use with cobalt or cobalt alloy 
based magnetic layers in the formation of magnetic 

25 recording media. 

There is an ever increasing demand for magnetic 
recording media with higher storage capacity, lower 
noise and lower costs. To meet this demand, recording 
media have been developed with increased recording 

30 densities and more well-defined grain structures that 
have substantially increased the storage capacity, 
while lowering the associated noise of the recording 
media. However, the rapid increases in recording 
densities over the last two decades, combined with the 

35 proliferation of personal computers have only served to 
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fuel the demand for even higher storage capacity 
recording media having lower noise and cost. 

Magnetic discs and disc drives are commonly used 
to provide quick access to vast amounts of stored 
5 information. Both flexible (floppy) and rigid (hard) 
discs are available. Data are stored in magnetic bits 
in segmented circular tracks on the discs. Disc drives 
typically employ one or more discs rotated on a central 
axis. A magnetic head, or slider, is positioned over 
10 the disc surface to either access or add to the stored 
information. The heads for disc drives are mounted on 
a movable arm that carries the head in very close 
proximity to the disc over the various tracks and 
segments . 

15 The structure of a typical thin film disk is 

multilayered and includes a substrate at its base 
covered by an underlayer, a magnetic layer and 
optionally, an overlayer at the top. The overlayer may 
be coated with an overcoat and an organic lubricant. 

20 The magnetic layer is the main body on which the 

magnetic bits are recorded. Recording media comprised 
of cobalt or cobalt alloy-based magnetic films having a 
chromium or chromium alloy-based underlayer deposited 
on a nonmagnetic substrate have become the industry 

25 standard. 

Magnetic properties, such as coercivity (H c ) , 
remanant magnetization (M x ) and coercive squareness 
(S*), are crucial to the recording performance of the 
Co alloy thin film. The magnetic properties are 

30 primarily dependent on the microstructure of the film 
for a fixed composition. For thin film longitudinal 
magnetic recording media, the desired crystalline 
structure, or texture, of the Co and Co alloys is 
hexagonal close packed (HCP) with uniaxial crystalline 

35 anisotropy and a magnetization easy direction along the 
c-axis predominately in the plane of the film (i.e, in- 
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plane) . Usually, the better the in-plane c-axis 
crystallographic texture, the higher the coercivity of 
the Co alloy thin film used for longitudinal recording. 
High coercivity is required to achieve a high 
5 remanence. Likewise, for perpendicular magnetic 

recording media, the desired crystalline structure of 
the Co alloys is HCP with the uniaxial anisotropy and 
crystalline c-axis perpendicular to the film plane. 
For very small grain sizes coercivity increases with 

10 increased grain size. Large grains , however , results 
in greater noise. There is a need to achieve high 
coercivities without the increase in noise associated 
with large grains. To achieve a low noise magnetic 
medium, the Co alloy thin film should have uniform 

15 small grains with grain boundaries which can 

magnetically isolate neighboring grains. This kind of 
microstructure and crystallographic texture is normally 
achieved by manipulating the deposition process, by 
grooving the substrate surface, by varying the cobalt 

20 alloy composition or by the proper use of an 
underlayer . 

Cobalt-based alloys as opposed to pure cobalt are 
commonly used in longitudinal and perpendicular 
magnetic media for a variety of reasons. For example, 

25 non-magnetic elements such as Cr are commonly bulk 
doped into the magnetic film to lower the 
magnetization. This is especially important in 
perpendicular media where the demagnetization energy 
associated with the magnetic moment of the alloy must 

30 be less than the magneto-crystalline anisotropy energy 
in order for the magnetization to be oriented 
perpendicular to the media film plane. The same 
technique is used in longitudinal magnetic media to 
lower the flux transition demagnetization energy, 

35 resulting in a shorter flux transition length and, 
hence, higher recording densities. Even more 
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importantly, however, non-magnetic elements are 
introduced into the Co-alloy to limit the magnetic 
exchange coupling between cobalt grains. it is 
believed that preferential diffusion of elements' such 
5 as Cr, Ta, P, B, or Si from the bulk of the magnetic 
grain to the grain boundaries during film growth help 
to isolate the individual grains by reducing the 
magnetic exchange coupling between grains. This then 
results in a significantly lower media noise. For 

10 example, Deng et al. found that the addition of small 
amounts of Ta to CoCr alloys resulted in the increased 
Cr diffusion to the grain boundaries. See Youping 
Deng, David N. Lambeth, and David E ♦ Laughlin, 
"Structural Characteristics of Bias Sputtered CoCrTa/Cr 

15 Films'', IEEE Transactions on Magnetics, Vol. 29, no. 5, 
September 1993, pp. 3676-3678. 

Under layers can strongly influence the 
crystallographic orientation, the grain size and as 
discussed herein the chemical segregation at the Co 

20 alloy grain boundaries. Underlayers which have been 
reported in the literature include Cr, Cr with an 
additional alloy element X (X = C, Mg, Al, Si, Ti, V, 
Co, Ni, Cu, Zr, Nb, Mo, La, Ce, Nd, Gd, Tb, Dy, Er, Ta, 
and W) , Ti, W, Mo, NiP and B2-ordered lattice 

25 structures, such as NiAl and FeAl . While there would 
appear to be a number of underlayer materials 
available, in practice, only a very few work well 
enough to meet the demands of the industry. Among 
them, the most often used and the most successful 

30 underlayer is pure Cr. 

For high density longitudinal recording, in plane 
orientation has heretofore been achieved by grain-to- 
grain epitaxial growth of the HCP Co alloy thin film on 
a body centered cubic (BCC) Cr underlayer. The 

35 polycrystalline Co-based alloy thin film is deposited 
with its c-axis, the. [0002] axis, either parallel to 
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the film plane or with a large component of the c-axis 
in the film plane. It has been shown by K. Hono, B. 
Wong, and D.E. Laughlin, "Crystallography of Co/Cr 
bilayer magnetic thin films", Journal of Applied 
5 Physics 68 (9) p. 4734 (1990) , that BCC Cr underlayers 
promote grain-to-grain epitaxial growth of HCP Co alloy 
thin films deposited on these underlayers. The 
heteroepitaxial relationships between Cr and Co which 
bring the [0002] Co axis down or close to the film plane 
10 are (002) Cr // (110) (110) (101) ^ (110) ^/ / (100 ) 
and (112 ) cr // (100) Different Co/Cr epitaxial 

relationships prevail for different deposition 
processes. To obtain a good BCC structure which 
promotes the formation of the HCP structure, the Cr 
15 underlayer should be thicker than about 50 A. 

Likewise, to achieve perpendicular high density 
recording media, the perpendicular orientation of the 
Co c-axis with respect to the film plane has usually 
been obtained by grain-to-grain epitaxial growth of 
20 the HCP Co alloy thin film to an oriented HCP 

underlayer of (0002) crystalline texture or a face 
centered cubic (PCC) crystal underlayer of (111) 
crystalline texture. Ti and Ti g& Cr 10at% are often 
cited as the best seed layers for this purpose, 
25 although other seed layers, such as Pt, CoO/Pt 

and non-magnetic CoCr 35at * have been used to induce 
this structure. See "Development of High Resolution 
and Low Noise Single -layered Perpendicular Recording 
Media for High Density Recording", IEEE Trans. Magn. , 
30 Vol. 33, no. 1, p. 996-1001 (Jan. 1997); "Compositional 
separation of CoCrPt/Cr films for longitudinal 
recording and CoCr/Ti films for perpendicular 
recording" IEEE Trans. Magn., Vol. 27, no. 6, part 2, 
pp. 4718-4720 (1991) ; "Properties of CoCrTa 
35 Perpendicular films prepared by sputtering on Pt 

underlayer", J. MMM, Vol. 155, no. 1-3, pp. 206-208 
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(1996); IEEE Trans . Magn. Vol. 32, no. 5, pp. 3840-3842 
(Sept. 1996); IEEE Trans. Magn. Vol. 30, no. 6, pp. 
4020-4022 (Nov. 1994); and, "Development of High 
Resolution and Low Noise Single-layered Perpendicular 
5 Recording Media for High Density Recording", IEEE 

Trans. Magn. Vol* 33, no. 2, pp. 996-1001) (Jan. 1997) . 

U.S. Patent No. 4,652,499 discloses efforts to 
improve the underlayer of longitudinal magnetic media 
by adding vanadium (V) to Cr to change its lattice 

10 constant and thereby to promote a better lattice 

matching between the HCP Co alloys, such as CoPt or 
CoPtCr, and the BCC CrV underlayer. In addition, U. S. 
Serial No. 08/315,096, which is incorporated herein by 
reference, discloses a new group of underlayers 

15 including materials having a B2-ordered crystalline 
structure, such as NiAl and FeAl . 

Additional improvements in the structure of the 
magnetic layer have been found when incorporating 
intermediate layers between the underlayer and the 

20 magnetic layer. Also, seed layers can be incorporated 
between the underlayer and the substrate to provide 
additional control of the structure of the underlayer 
and to prevent contamination of the underlayer by the 
substrate contaminants. The seed layers, underlayers, 

25 and intermediate layers are collectively referred to 
herein as the underlayer structure. In addition, 
multiple magnetic layers that may or may not be 
separated by a Cr inner layer are sometimes employed to 
produce variations in the magnetic properties of the 

30 resulting film. The magnetic layers and intervening 

inner layers are collectively referred to herein as the 
magnetic layer structure. 

The use of multi-layered underlayer and magnetic 
layer structures can provide for increased control over 

35 the grain si2e, the grain to grain epitaxial growth of 
subsequent layers and the surface roughness of the 
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magnetic layers. However, the use of additional layers 
may also increase the overall cost and complexity of 
the manufacturing process. 

The need for lighter, smaller and better 
5 performing and less costly computers with greater 

storage density demands higher density recording media 
for use in hard disk drives, other magnetic storage 
devices, and other applications. It is an object of 
the present invention to meet those demands with a 
10 magnetic recording media having high coercivity and low 
noise. 

BRIEF SUMMARY OF THE INVENTION 

15 The present invention is directed to the use of 

Mn-containing layers between a substrate and a magnetic 
layer, or in contact with the magnetic layer, to 
provide magnetic recording media having increased 
coercivity and lower media noise. The Mn-containing 

20 layer may be incorporated in the under layer structure, 
the magnetic layer structure, or the overlayer to 
provide for a recording media having higher coercivity 
and lower noise. The recording media can be 
incorporated in a rotating, translating, or stationary 

25 data storage device for use in conjunction with 
magnetic transducing heads for the recording and 
reading of magnetic data, as well as other 
applications . 

The magnetic recording medium of the invention 

30 preferably includes a Co or Co alloy magnetic layer, 
and a Mn-containing layer formed from Mn, VMn, TiMn, 
MnZn, CrMnMo, CrMnW, CrMnV, or CrMnTi, and most 
preferably CrMn, disposed between the substrate and the 
magnetic layer. The Co or Co alloy magnetic layer has 

35 an HCP structure and is deposited with its c-axis, the 
magnetic easy axis (the direction in which it is easily 



WO 98/48413 



- 8 - 



PCT/US98/07984 



magnetized) , substantially parallel to the plane of the 
magnetic layer for longitudinal media and, for 
perpendicular media, substantially perpendicular to the 
plane of the magnetic layer. 
5 The medium can further include additional layers 

in the underlayer structure, such as seed layers, 
underlayers, and intermediate layers. Polycrystalline 
MgO is a preferred seed layer for longitudinal media. 
The underlayers and/or intermediate layers used in 

10 addition to the Mn-containing layer generally include 

materials having either an A2 structure or a B2-ordered 
crystalline structure disposed between the seed layer 
and the magnetic layer. Materials having an A2 
structure are preferably Cr or Cr alloys, such as CrV, 

15 CrMo, CrV}, or CrTi. Materials having a B2-ordered 
structure having a lattice constant that is 
substantially comparable to that of Cr, such as those 
preferably selected from the group consisting of NiAl, 
AICo, FeAl, FeTi, CoFe, CoTi, CoHf, CoZr, NiTi, CuBe, 

20 CuZn, AIMn, AIRe, AgMg, and Al 2 FeMn 2 , and is most 

preferably FeAl or NiAl. An intermediate Mn-containing 
layer is preferably disposed between the underlayer and 
the magnetic layer. In addition, the underlayer may be 
formed in multiple layers wherein each layer is a 

25 different one of the foregoing materials. 

More than one magnetic layer can be incorporated 
in the media and it can also include one or more inner 
layers disposed between the magnetic layers. The inner 
layers are typically about 10 to 40 A thick and 

30 composed of Cr, but can also be the Mn-containing 
layers of the present invention. 

The magnetic layer may be covered by an overlayer, 
which, in turn, may be covered by an overcoat. An 
organic lubricant is preferably added over the overcoat 

35 to reduce frictional wear of the media. The overlayer 
may be comprised of Mn or a Mn-containing alloy. 
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Accordingly/ the present invention provides 
magnetic recording media and data storage devices 
incorporating recording media having high coercivity 
and lower noise and cost for use in hard disk drives 
5 and other applications . These advantages and others 
will become apparent from the following detailed 
description; 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

The advantages of the present invention can be 
better understood by reference to the drawings in 
which: 

Fig. 1(a) - (c) are schematic illustrations of 
15 several embodiments of a multi-layer structure of the 
thin film disk of the present invention; 

Fig* 2a shows Cr-Mn equilibrium phase diagram; 

Fig, 2b shows V-Mn equilibrium phase diagram; 

Fig. 2c shows Mo-Mn equilibrium phase diagram; 
20 Fig. 2d shows Ti-Mn equilibrium phase diagram; 

Fig. 2e shows Co-Mn equilibrium phase diagram; 

Fig. 3 shows x-ray diffraction scan of a 4 micron 
thick CrMn film on an oxidized Si substrate using Cu Ka 
x-rays; 

25 Fig. 4 shows in-plane coercivities of 40 nm thick 

CoCrPt films on CrMn and Cr underlayers of various 
thicknesses on unheated smooth glass substrates; 

Fig. 5 shows in-plane coercivities of 40 nm thick 
CoCrPt on CrMn and Cr underlayers of various 

30 thicknesses on smooth glass substrates with substrate 
preheating at 250°C; 

Fig. 6 shows x-ray diffraction spectra of 40 nm 
thick CoCrPt films on various thicknesses of Cr 
underlayers on 250°C preheated smooth glass substrates; 
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Fig. 7 shows x-ray diffraction spectra of 40 nm 
CoCrPt films on various thicknesses of CrMn underlayers 
on 

250°C preheated smooth glass substrates; 
5 Fig. 8 shows x-ray diffraction of a CoCrPt(40 

nm) /CrMn ( lOOnm) film on a MgO seed layer prepared on an 
unheated smooth glass substrate; 

Fig. 9 shows a TEM bright field micrograph of a 
100 nm thick Cr film deposited on a smooth glass 
10 substrate at 250°C; 

Fig, 10 shows a TEM bright field micrograph of a 
100 nm thick CrMn film deposited on a smooth glass 
substrate at 250°C; 

Fig. 11 shows in-plane coercivities of various 
15 thicknesses of CoCrTa films on 20 nm CrMn and Cr 
underlayers on smooth glass substrates with the 
substrate preheated to 250°C; 

Fig. 12 shows in-plane coercivities of 15 nm 

thick CoCrTa films on CrMn and Cr underlayers of 

20 various thicknesses on smooth glass substrates with the 

© 

substrate preheated to 250°C; and 

Fig. 13 shows a comparison of the in-plane 
coercivities of 4 0 nm thick CoCrPt films on various 
thicknesses of Cr and CrMn-11 (11 at% Mn) underlayers. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

The recording media of the invention can be 
embodied in a rotating, translating, or stationary data 

30 storage device, such as a rigid magnetic disc 

incorporated into a disc drive (not shown) . Typically, 
the disc drive includes a magnetic transducing head, or 
slider, supported on a movable arm in a suspension 
assembly used for moving the head over the surface of 

35 the disc. The transducing head is maintained in a 
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closely spaced, parallel relationship relative to the 
surface of the disc during normal operation. A typical 
distance between the head and the disc is 10 \xin or 
less. See, Mee, CD. and Daniel/ E.D., MAGNETIC 
5 RECORDING/ Vols. I - III (McGraw-Hill pub. 1987); F. 

Jorgenson, The Complete Handbook of Magnetic Recording, 
Chapter 16 (3rd. ed. 1988), and U.S. Patent No. 
5/062,021/ the relevant disclosures of which are 
incorporated herein by reference. The magnetic 

10 recording media of the present invention may also be 
used with flexible magnetic discs, floppy discs, or 
tape using known flexible substrates. 

Referring to Fig. 1(a), the magnetic recording 
medium 10 of the present invention is comprised of a 

15 substrate 12, a Mn-containing layer 14, and a magnetic 
layer 16. In addition, as shown in Fig. 1(b), a seed 
layer 18 can be disposed on the substrate 12, as well 
as an underlayer 20. An intermediate layer 22 may also 
be disposed between the Mn-containing layer 14 and the 

20 magnetic layer 16. The magnetic layer 16 can be 

covered using an overlayer 24 followed by an overcoat 
26 and an organic lubricant 28. In another embodiment, 
shown in Fig. 1(c), there may be first and second 
magnetic layers, 16 1 and 16", having one or more inner 

25 layers 30 disposed between the first magnetic layer 16 1 
and a second magnetic layer 16". 

In a preferred, embodiment, the Mn-containing layer 
14 has zero magnetic moment and is in contact with a Co 
or Co alloy magnetic layer 16. However, it should be 

30 appreciated that the Mn-containing layer can be 
included in the media 10 as a seed layer, an 
underlayer, an inner layer, or an overlayer, in 
addition to, or in lieu of, its use as an intermediate 
layer. Higher coercivities have been obtained in the 

35 resulting media 10, when the Mn-containing layer 14 and 
the magnetic layer 16 are in contact, as opposed to 
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embodiments incorporating an intermediate layer 22 
between the Mn-containing layer 14 and the magnetic 
layer 16. 

An effective amount of Mn is used to produce a Mn- 
5 containing layer that is sufficiently thick to produce 
an epitaxial crystalline structure in the magnetic 
layer 16 and to provide a sufficient amount of Mn to 
diffuse to the grain boundaries of the crystallites of 
the magnetic layer 16 that results in the magnetic 

10 media 10 having desired magnetic properties. For 

example, it is desirable that the magnetic coercivities 
exceed those produced in the absence of the Mn- 
containing layer or are comparable to or exceed those 
in the prior art. 

15 In a current embodiment, employing a CrMn alloy as 

the Mn-containing layer, the desired magnetic 
properties can be achieved when the CrMn layer is 
preferably at least 3 ran thick, and most preferably 
greater than 10 nm thick. The skilled artisan will 

20 appreciate that, based on guidance provided herein, Mn- 
containing layers thinner than 3 nm may also be 
effective at producing the desired magnetic properties. 
However, there may be a minimum effective amount of Mn 
that can be added to the magnetic media structure below 

25 which the enhanced magnetic properties will not be 
observed. 

Sputter depositing the Mn-containing layer at room 
temperature provides magnetic media having magnetic 
properties comparable to magnetic media employing a Cr 

30 layer in place of the Mn-containing layer. An 

incentive to use the CrMn in place of a pure Cr even 
for room temperature processes is that Mn is less 
expensive than Cr. As most of the Cr targets are 
manufactured by powder metallurgy methods, powder 

35 consolidated CrMn targets should be cheaper than a Cr 
target . 
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In a preferred embodiment, the Mn-containing layer 
14 and the magnetic layer 16 are sputter deposited on a 
substrate 12 that has been preheated to an elevated 
temperature, such as 250 °C. The resulting media 10 
5 containing the Mn-containing layer 14 has higher 

coercivity than media 10 produced without preheating 
the substrate 12. It is expected that the elevated 
temperature selected for depositing the magnetic layer 
16 will be a function of the deposition rate and also 

10 that the heating can be performed during or after the 
production of the magnetic layer 16. For example, 
commercial deposition rates are substantially higher; 
therefore, it may be necessary to increase the 
temperature above 250°C to achieve the increased 

15 magnetic properties observed at lower deposition rates. 
The increase in coercivity with increasing 
deposition temperatures may result from the increased 
diffusion of Mn across the CrMn/magnetic layer 
interface. With the proper processing time and 

20 temperature, a preferred diffusion of material is to 
the grain boundary as opposed to the bulk of the 
grains. See "Phase Transformations in Metals and 
Alloys" by David A. Porter and Kenneth E. Easterling, 
Publisher: Van Nostrand Reinhold Company, pages 98-102; 

25 and, "Physical Metallurgy, Part 1", edited by R. W. 
Cahn and P. Haasen, Publisher: North-Holland Physics 
Publishing. Interlayer diffusion of other alloying 
elements is described further in "Interdif fusion and 
Grain Isolation in Co/Cr Thin Films", Y. C. Feng, D.E. 

30 Laughlin and D. N. Lambeth, IEEE Transactions on 
Magnetics, Vol. 30, No. 6, (Nov. 1994), which is 
incorporated herein by reference. One skilled in the 
art will appreciate that the temperature at which the 
Mn-containing layer, as well as the Co alloy, is 

35 disposed on the media 10 can be varied to produce media 
having a range of magnetic properties. In fact, as 
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discussed in the above cited Feng reference, one 
skilled in the art will appreciate that a thermal post 
treatment, such as a slow anneal or a rapid thermal 
anneal (RTA) , could be used to promote Mn diffusion 
5 from the Mn-containing layer to the grain boundaries of 
the Co alloy magnetic layer. 

The solid solution Mn alloy of the present 
invention are preferably VMn, TiMn, MnZn, CrMnMo, 
CrMnW, CrMnV, or CrMnTi, and most preferably a 

10 substitutional solid solution CrMn alloy of Mn 

dissolved in Cr. As shown in Fig. 2a, bulk Cr can 
dissolve large quantities of Mn to form substitutional 
solid solutions. The solubility of Mn in Cr is 
estimated to be greater than 25 at% at room temperature 

15 based on Fig. 2a. Preferably, the CrMn alloy contains 
at least 10 at% Mn, and most preferably, at least 20 
at% Mn, for compositions produced using the currently 
preferred method of preparing the media. Phase 
diagrams containing express citations of a number of 

20 specific phase transition temperatures for the binary 
alloys shown in Fig. 2a-2e can be found in "Binary 
Alloy Phase Diagrams", 2 nd ed. plus updates, ASM 
International (1996) , the pertinent parts of which are 
incorporated herein by reference. 

25 Because the atomic volume of Mn (0.01224 nmVatom) 

is only slight larger than that of Cr (0.01200 
nm 3 /atom) , the lattice parameter of the Cr is virtually 
unchanged even for a 25 at% Mn CrMn alloy. This 
differs from other Cr alloys, such as CrV, in which the 

30 vanadium is added to the Cr to change the lattice 

constant of the Cr layer to better match the lattice 
constant of the magnetic layer. 

In a similar manner, Fig. 2b shows that a 
substantial amount of Mn can be placed into solid 

35 solution with V. Likewise, amounts of both V and Mn 

can be combined with Cr. Since the atomic lattice size 
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of V is larger than that of Cr it can be used to adjust 
the solid solution atomic spacing to lattice match to 
and induce epitaxial growth of Co-alloys. 

Similarly, Fig. 2c shows that a limited amount of 
5 Mn can be placed into substitutional solid solution 

with Mo. While the atomic lattice spacing of Mo {3.14 
A) is large compared to Cr (2.88 A), limited amounts of 
Mo can be placed into solid solution of CrMn to form 
CrMnMo alloys. 

10 Fig. 2d shows the phase diagram for TiMn. At 

elevated temperatures, substantial amounts of Mn can be 
placed into solid solution with p-Ti (bcc) The 
formation of this crystal structure as an intermediate 
layer is favorable even at lower temperatures when 

15 epitaxially grown on an underlayer chosen to promote 
epitaxial growth of the magnetic layer. Likewise, 
limited amounts of Ti can be placed into CrMn to adjust 
the solid solution atomic lattice spacing. 

The Mn-containing layer can provide for epitaxial 

20 growth of the magnetic layer by either providing a 

template for epitaxial growth of the magnetic layer or 
by propagating a template formed by an underlayer. In 
a preferred embodiment, solid solution Mn alloys that 
provide a template for epitaxial growth of the magnetic 

25 Co alloy and provide a source of Mn for diffusion to 

the grain boundaries of the Co alloy magnetic layer are 
used as the Mn-containing layer 14. One skilled in the 
art should appreciate the optimum percent of Mn used in 
the Mn-containing layer will depend, in part, on the 

30 method, including the temperature and deposition rate, 
used to prepare the Mn-containing layer 

When an Mn-containing layer is used as an 
intermediate layer, the underlayer or underlayers may 
or may not contain Mn. If the underlayer is selected 

35 to provide the template for epitaxial crystalline 

growth of the magnetic layer, it is only necessary for 
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the Mn-containing intermediate layer to propagate the 
template for epitaxial growth of the magnetic layer 
formed by the underlayer. 

In the preferred embodiment, the substrate 12 is 
5 formed of a nonmagnetic material , such as glass , 
silicon or an aluminum alloy coated with NiP, 
Alternative hard disk substrates such as glass ceramic, 
ceramic, or SiC may be used. 

For longitudinal media, the magnetic layers, 16, 

10 16' , and 16 fT , are deposited with the longitudinal 

magnetic easy axis thereof substantially parallel to 
the plane of such magnetic layer. The magnetic layers 
16 for longitudinal media are preferably a Co or Co 
alloy film, such as CoCr, CoSm, CoPr, CoP, CoNi, CoPt, 

15 CoNiCr, CoNiZr, CoPtNi, CoCrTa, CoCrPt, CoCrP, 

CoCrTaSi, CoCrPtSi, CoCrPtB, CoCrPtTa, CoCrPtTaB, 
CoCrPtTaNb or other known Co alloy magnetic films and 
are each about 2.5 - 60 nm (25 - 600 A) thick. 

The seed layer 18 can be a Cr, a Cr alloy or a Bl- 

20 ordered crystalline structure with a (002) texture. 

The preferred seed layer for embodiments employing the 
seed layer 18 is a thin layer of Cr or MgO having a 
(002) texture. Polycrystalline MgO can be produced 
having this texture by sputter depositing the MgO on 

25 the substrate 12 as described in U.S. Patent 

Application Serial No. 08/553,893, which is herein 
incorporated by reference. The seed layer forms a 
substantially continuous layer up to 50 nm in 
thickness, and preferably up to 20 nm in thickness. In 

30 the preferred embodiment, the seed layer is about 1.0 
nm to 50 nm (10 to 500 A) in thickness, and preferably 
between about 1.0 nm to 20 nm (10 to 200 A) in 
thickness, most preferably about 2.5 to 20 nm (25 to 
200 A) in thickness, and most preferably between about 

35 2.5 nm to 10 nm (25 to 100A) in thickness. 
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The underlayer 20 is generally comprised of a 
material suitable for producing epitaxial growth of the 
magnetic layer 16. Epitaxial growth of the magnetic 
layer 16 is promoted using an underlayer 20 that has a 
5 crystal structure and an atomic spacing that is 

preferably comparable to or a multiple of an atomic 
spacing of the magnetic layer. For example, a material 
can be chosen for the underlayer that has an integer 
number (n) of atomic spacings equal to an integer 

10 number (m) of atomic spacings of the magnetic layer, 
where m and n generally range from 1 to 5. 

Materials having an A2 and B2-ordered crystalline 
structure and a lattice constant suitable for inducing 
epitaxial growth of the magnetic layer 16 can be used 

15 in the present invention. Suitable materials include 
Cr, and Cr alloys having an A2 structure, such as CrV, 
CrTi, CrMo, and CrW, and B2-ordered structure 
materials, such as NiAl and FeAl . Other phases having 
a B2-ordered structure and lattice constants that are 

20 comparable to that of NiAl (a = 0.2887 nra) , FeAl {a = 

0.291 nm) and Cr (a = 0*2884 nm) are also considered to 
be good candidates, for the underlayer of the present 
invention. The materials are AlCo (a = 0.286 nm), FeTi 
(a = 0.298 nm) , CoFe (a = 0.285 nm) , CoTi (a = 0*299 

25 nm) , CoHf (a = 0.316 nm) , CoZr (a = 0.319 nm) , NiTi (a 
= 0.301 nm) , CuBe (a = 0.270 nm) , CuZn (a = 0.295 nm) , 
AIMn (a = 0.297 nm) , AIRe (a = 0.288 nm) , AgMg (a = 
0.328 nm) , and Al 2 FeMn 2 (a = 0.296 nm) . The underlayer 
14 is preferably Cr or NiAl that is about 10 - 200 nm 

30 (100 - 2000 A) thick. 

The underlayer 20 may also be comprised of two or 
more layers of different materials within the foregoing 
list. For example, it is believed that a multiple 
layer having a first layer of NiAl and a second layer 

35 of Cr, a Cr alloy, FeAl, AlCo, FeTi, CoFe, CoTi, CoHf, 

CoZr, NiTi, CuBe, CuZn, AIMn, AIRe, AgMg or Al 2 FeMn 2 may 
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be used. Various combinations of material can be used 
to produce the multiple layers, wherein each layer is 
one of the aforementioned underlayer materials. 

The intermediate layer 22 and the inner layer 30 
5 can be comprised of materials selected from the same 
group of materials used for the underlayer 20. In a 
current preferred embodiment, no intermediate layer 22 
is used and the CrMn layer 14 is in contact with the 
magnetic layer 16. Also, only one magnetic layer 16 is 

10 used/ therefore, no inner layers 30 are used in a 
current preferred embodiment. 

The overlayer 24 may be provided adjacent to and 
preferably in contact with the magnetic layer 16 or 
16". The overlayer 24 is preferably 1 - 10 ran (10-100 

15 A) thick and may be made of W, Ta, Zr, Ti, Y, Pt, Cr, 
Mn, Mn alloy or any combination thereof. 

The overcoat 2 6 may be provided external to the 
overlayer 24, so that the overlayer 24 is positioned 
between the magnetic layer 16 or 16" and the overcoat 

20 24, as shown in Figs. 1(b) and (c) . The overcoat 26 
provides a mechanical wear layer and is 2.5 - 30 nm 
(25-300 A) thick. It is preferably made of a ceramic 
material or diamond like carbon, such as Si0 2 , Sic, CH X 
or CN X (where x < 1), Zr0 2 , or C. The organic lubricant 

25 2 8 may be disposed on the overcoat 26. The lubricant 
28 is 1 nm to 10 nm (10 to 100 A) thick and is 
preferably a f luoro-chlorocarbon or a perf luoroether . 
Examples include CC1 2 FCC1F 2 , CF 3 (CF 2 ) 4 CF 3 , CF 3 (CF 2 ) 5 CF 3 , 
CF 3 (CF 2 ) 10 CF 3 , and CF 3 (CF 2 ) 16 CF 3 - 

30 Testing was performed to evaluate a number of 

magnetic films incorporating a CrMn alloy layer. All 
films were prepared by radio frequency (RF) diode 
sputtering, but could have just as easily been prepared 
by RF or direct current (DC) magnetron sputtering. 

35 Multilayered films were deposited sequentially without 
venting the chamber. The typical conditions for the RF 
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diode deposition process were a base pressure before 
sputtering was 5xl(T 7 Torr or better and the sputtering 
pressure of the Argon gas was 10 mTorr. Sputtering was 
performed at a fixed AC power of 100 watts (2.3 w/cm 2 ) . 
5 Smooth (non-textured) Corning 7500, glass, NiP- 

Aluminum, oxidized (111) Si substrates were used for 
preparing all the films unless stated otherwise. 
Substrates were cleaned twice in each of the three 
separate ultrasonic baths of acetone, 2-propanol and 

10 deionized water. 

The CoCoPt target was a CoCr alloy target with 
bonded Pt chips; the CrMn target was a pure Cr target 
with bonded Mn chips . The Cr target was 99% pure. The 
CoCrPt films were sputtered with a -100 V substrate 

15 bias and inductively coupled plasma (ICP) analysis of 
the Co alloy film revealed a composition of 78.5 at% 
Co, 9 at% Cr and 12.5 at* Pt . All other films were 
sputtered without substrate bias. Substrate heating 
was applied by heating the platform on which the 

20 substrate was situated. Depositions were made after the 
temperature of the substrate and platform reached 
equilibrium in about 60 min. 

Typical deposition rates were CoCrPt; 13.3 nm/min, 
Cr: 13 nm/min, CrMn: 10 nm/min, and MgO: 4 nm/min. A 

25 Tencor Alpha Step Profilometer was used to measure the 
film thicknesses and to calibrate thin film deposition 
rates. Film microstructures were studied by 
transmission electron microscopy (TEM) , atomic force 
microscopy (AFM) and by symmetrical x-ray 

30 dif fractometry 9-2G scan with Cu Kot radiation. TEM 
specimens were prepared by mechanical lapping and 
dimpling followed by ion-milling. The in-plane bulk 
magnetic properties of the thin films were measured on 
square specimens of 9 mm x 9 mm by vibrating sample 

35 magnetometry (VSM) . A magnetic field of up to 10 kOe 
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was applied in the film plane, which was large enough 
to saturate the magnetization. 

A pure Cr target with bonded Mn chips was used to 
sputter deposit CrMn films. The composition of the 
5 CrMn thin film determined by ICP spectroscopy analysis 
is found to be 22 at% Mn using TEM. X-ray diffraction 
6-29 scans of the sputtered CrMn films on substrates 
showed that it has almost the same lattice constant as 
that of a pure Cr film. Fig. 3 shows the x-ray 6-2© 

10 scan of an approximately 4 micron thick CrMn film. The 
lattice constant calculated from the x-ray scan of Fig. 
3 is approximately 0.288 nm, which is essentially equal 
to the lattice constant of pure Cr (0.2884 nm) . 

In another series of tests, thin films of CoCrPt 

15 on Cr and CrMn underlayers were deposited onto the 

substrates with the substrate at room temperature (RT) . 
X-ray dif f ractometry studies were performed, which 
showed virtually no difference in thin film textures of 
the CoCrPt films deposited on Cr and CrMn underlayers. 

20 The in-plane magnetic properties of the films were 

compared. As shown in Fig. 4, the CoCrPt/CrMn films 
had coercivity values, measured using VSM, that were 
equal to the CoCrPt/Cr films for all film thickness 
within experimental error. Differences among other VSM 

25 measured properties such as S* and M r t, within 
experimental error, were also negligible. 

Additional experiments were performed in which 
CoCrPt films with the Cr or the CrMn underlayers were 
sputter deposited on substrates that had been preheated 

30 to 250°C before sputtering. Fig. 5 is a plot of the in- 
plane coercivity, He, versus underlayer thickness for 
fixed thickness (40 nm) CoCrPt films. The in-plane 
magnetic properties of 4 0 nm thick CoCrPt films on 
various thicknesses of CrMn and Cr underlayers are 
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presented in Tables 1 and 2, respectively, where t is 
the thickness of the magnetic layer. 



Table 1 



CrMn thickness 


H c , Oe 




S* 


M r t memu/cm' 


100 ran 


4315 


0.90 


| 0.90 


0.87 


75 run 


4258 


0.85 


0.88 


0.84 


50 nm 


4280 


0.87 


0.89 


0.88 


20 nm 


3913 


0. 89 


0.89 


0.95 


10 nm 


3608 


0, 91 


0. 89 


0.97 


5 nm 


3782 


0. 87 


0. 89 


1 .06 


3 nm 


3695 


0. 88 


0.89 


1.06 


0 nm 


865 


0.84 


0.92 


1.26 



Table 2 



Cr thickness 


H c , Oe 


M r /M s 


S* 


M r t memu/cm' 


100 nm 


2961 


0.85 


0.77 


0.93 


75 nm 


2792 


0.82 


0.78 


0.82 


50 nm 


3202 


0.85 


0.82 


0.91 


20 nm 


2953 


0.83 


0.85 


0.99 


10 nm 


2925 


0.84 


0.86 


1.03 


5 nm 


3162 


0.87 


0.88 


1.05 


3 nm 


3092 


0.86 


0.88 


1.11 


0 nm 


865 


0.84 


0.92 


1.26 



The coercivities of CoCrPt/CrMn films are all 
higher than that of the CoCrPt/Cr films and the 

10 difference increases as the underlayer thickness 

increases. A coercivity of 4280 Oe was measured for a 
CoCrPt film on a 50 nm thick CrMn underlayer, which is 
substantially higher than the 3202 Oe measured for a 
similar CoCrPt/Cr film. Only a 3 nm thick CrMn 

15 underlayer is needed for the CoCrPt to reach a 

coercivity of 3690 Oe which is higher than the highest 
value obtained with any Cr underlayer. In addition to 
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generally high H c values, slightly higher S* and M r /M s 
values and lower M r t values are observed in the 
CoCrPt/CrMn films than the CoCrPt/Cr films . 

The crystallographic textures of a few selected 
5 films from Tables 1 and 2 were compared . Figs 6 and 7 
show x-ray diffraction scans of 40 nm CoCrPt films on 
10 , 20, 50 and 100 nm Cr and CrMn underlayers. The 
substrate heating induces a (002) texture in both the 
Cr and the CrMn films as the film thickens which, in 

10 turn, induces the epitaxial growth of the (1120) CoCrPt 
texture- The higher coercivities of the CoCrPt films 
on CrMn underlayers may be attributable, in part, to 
the strong (1120) textures of the films.. However, the 
CoCrPt films on the thin CrMn underlayers in Fig. 7 

15 (such as the CoCrPt film on 20 nm CrMn) do not have 
stronger (1120)peaks, but still have significantly 
higher coercivities than the CoCrPt/Cr films. 

An alternative way to obtain stronger (002) 
texture in the CrMn films is by employing a MgO seed 

20 layer. A CoCrPt (40 nm) /CrMn (100 nm) film was deposited 
at room temperature, without intentional heating, onto 
a 12 nm thick MgO seed layer on a glass substrate to 
investigate whether a stronger (002) textured CrMn 
underlayer would enhance the coercivity of the CoCrPt 

25 films. Fig. 8 shows the x-ray diffraction scan of the 
CoCrPt (40 nm) /CrMn (100 nm)/MgO(12 nm) film on a glass 
substrate and the corresponding coercivity. As can be 
seen in Fig. 8, a much stronger (002) textured CrMn 
underlayer was obtained using the seed layer, although 

30 no strong (1120) CoCrPt peak was observed as in the 
comparable film deposited at 250 °C. 

The coercivity of the film, 2884 Oe, is 
substantially greater than coercivities of either the 
CrMn or Cr underlayer deposited at room temperature. 

35 Although the CoCrPt/CrMn/MgO film had a stronger (002) 



WO 98/48413 



- 23 - 



PCT/US98/07984 



texture, the coercivity of the film was less than all 
of the CoCrPt/CrMn films deposited without a seed layer 
and with the substrate preheated to 250°C. The 
relative improvement in the magnetic properties 
5 indicate that when CrMn alloy under layers are employed 
that both the texture and the temperature are important 
variables that can be controlled separately to produce 
films having high coercivity and other magnetic 
properties - 

10 Additional testing was performed to investigate 

the effect of intermediate layers on the magnetic 
properties of films having CrMn and Cr underlayers. 
Films were produced by inserting thin (2.5 nm) layers 
of Cr and CrMn between the magnetic layer and the 

15 underlayer of CoCrPt/CrMn and CoCrPt/Cr, respectively, 
with a substrate preheating of 250°C. As shown in 
Table 3, the coercivity of the CoCrPt/CrMn film was 
decreased from 4315 Oe to 3899 Oe due to the Cr layer 
insertion, while the coercivity of the CoCrPt/Cr film 

20 was raised from 2961 Oe to 3393 Oe due to the CrMn 
layer insertion. 



Table 3 





CrMn Underlayer 


Cr Underlayer 


In-Plane 
Magnetic 
Properties 


no Cr 
intermed. 
Layer 


Cr 

intermed. 
Layer 


CrMn 
intermed. 
Layer 


no CrMn 
intermed. 
Layer 


He, Oe 


4315 


3899 


3393 


2961 


M r /M s 


0.90 


0.86 


0.86 


0.85 


s* 


0.90 


0.88 


0.82 


0.77 


M r t,memu/cm £ 


0.87 


0.92 


1.02 


0.93 



25 The introduction of a Cr intermediate layer 

between the magnetic layer and the CrMn underlayer 
resulted in a decrease in the coercivity compared to 
the film with only a CrMn underlayer. However, the 
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film with the CrMn underlayer and the Cr intermediate 
layer had a coercivity that was still substantially 
higher than the film using only Cr as the underlayer. 
In contrast, the use of CrMn as an intermediate layer 
5 with a Cr underlayer substantially increased the 

coercivity in comparison with the film having only a Cr 
underlayer. One will appreciate from these results 
that the Mn-containing layer can be effectively 
deployed as an underlayer, an intermediate layer, and, 

10 presumably, as an inner layer or overlayer depending on 
the particular film that is to be created and the 
desired magnetic properties of the film. 

Because the Cr and CrMn intermediate layers 
deposited were thin, the crystal structures and lattice 

15 constants of the CoCrPt/CrMn and CoCrPt/Cr films should 
not have been appreciably changed by the intermediate 
layers. Therefore, the magnetic property changes in 
the media are most likely due to the change of 
composition of the interfacial layer that is 

20 substantially in contact with the magnetic layer. In 
addition, it was noted above that the same film 
exhibits different magnetic properties when deposited 
at different temperatures although there does not 
appear to be a substantial change in the film texture. 

25 The observed variations in the magnetic properties 

indicates that interlayer diffusion of the elements in 
the film is occurring at the magnetic layer interface. 
In this regard, it will be recognized by one reasonably 
skilled in the art that very thin non-Mn-containing 

30 layers may be placed between the Mn-containing layer 

and the magnetic layer to act as a diffusion moderating 
barrier layer to limit and control the diffusion rate 
of the Mn from the Mn-containing layer to the magnetic 
layer grain boundaries. 

35 Fig. 2e shows the binary phase diagram between Co 

and Mn. The relative small region of HCP CoMn (e-Co) 
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and the negative slope of the phase boundary between 
the HCP CoMn and the FCC CoMn (a-Co) with respect to Mn 
content is supportive of the concept that as the 
temperature and the Mn concentration is increased that 
5 a large fraction of the diffused Mn will want to remain 
at the grain boundaries of the epitaxially grown HCP 
Co-alloy grains. 

Generally, interlayer diffusion will increase at 
higher temperatures and smaller diffusion lengths and 

10 will decrease at lower temperatures and greater 
diffusion lengths. The variations in magnetic 
properties implies that Mn from the layer substantially 
in contact with the CoCrPt layer may be diffusing into 
the grain boundaries or the grains of the Co-alloy 

15 layer. The Mn diffusing into the magnetic layer may 

serve to further separate the Co-alloy grains resulting 
in an increase in the coercivity of the film. In 
contrast, the variations observed to date do not imply 
that interlayer diffusion of Cr from the underlayer to 

20 the magnetic layer is strongly controlling the magnetic 
properties of the films. 

Based on the above results, testing was performed 
to investigate whether a similar improvement in the 
magnetic properties could be produced if Mn were 

25 directly incorporated into the magnetic layer. A film 
was produced by sputter depositing a CoCrPt magnetic 
underlayer containing approximately 5 at% Mn onto a Cr 
underlayer. The sputtering was performed by adding Mn 
chips onto the CoCrPt target. The coercivities of the 

30 resulting film decreased approximately 50% for the 

CoCrPtMn/Cr films sputtered on heated (250°C) smooth 
glass substrates, while the coercivities dropped about 
15% for films deposited on unheated glass substrates. 
Differences between CoCrPtMn/Cr and CoCrPt/CrMn 

35 films would be expected because of the varying 

distributions of Mn in the two films. For example, Mn 
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most likely has substantially different diffusion 
characteristics when diffusing from a 5 at% Mn CoCrPtMn 
layer to Cr layer than from a 22 at% Mn CrMn layer to a 
CoCrPt layer. Because the relative spatial 
5 distribution of Mn in the films is different, the 
resulting magnetic properties of the films would be 
expected to be different. It may also be possible that 
the interlayer diffusion of Mn is providing a 
homogenizing effect on the interfacial structure of the 

10 layers that may be serving to further separate and help 
align the grains in the magnetic layer. 

The microstructure of the CrMn and Cr film 
sputtered on preheated substrates were compared using 
TEM. Figs. 8 and 9 are TEM bright field micrographs of 

15 100 nm thick Cr and CrMn films deposited on 250°C 

preheated smooth glass substrates, respectively. Both 
films show grains with similar average sizes of greater 
than approximately 50 nm. The CrMn film has slightly 
more well defined grains than the Cr film. 

20 CoCrTa alloys are also commonly used for the 

magnetic media. Therefore, additional testing was 
performed to evaluate the general applicability of the 
Mn-containing layers to Co alloys. A series of 
CoCri 2 Ta 2 films on CrMn underlayers were studied. Due 

25 to the experience from the previous CoCrPt films, all 
of the CoCrTa/CrMn films were sputter deposited onto 
250°C preheated substrates. Fig. 11 shows the plot of 
in-plane coercivities of various thicknesses of CoCrTa 
films on a fixed thickness (20 nm) of Cr and CrMn 

30 underlayers. Similar improvement in H c as in the 
CoCrPt/CrMn films was also observed, although to a 
lesser extent. The coercivities of the CoCrTa films on 
CrMn underlayers were always higher than that of the 
CoCrTa films on Cr underlayers. The largest coercivity 

35 improvement was observed with an approximately lOnm 
CoCrTa thick magnetic layer on the CrMn underlayer. 
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Fig. 12 compares 15 nm thick CoCrTa films on various 
thicknesses of Cr and CrMn underlayers sputter 
deposited on preheated smooth glass substrates. Again, 
higher coercivities were found in films with CrMn 
5 underlayers than films with Cr underlayers. The 

improvement in coercivity increases as the underlayer 
thickness increases. For example, the coercivity of 
the CoCrTa (40 nm) /CrMn (20 nm) film is about 700 Oe 
higher than that of a similar CoCrTa/Cr film. 

10 The Mn content of the CrMn underlayer was also 

altered to check its compositional effects. The Mn 
chips on the Cr target were adjusted to produce 
sputtered films with an estimated composition of 
approximately 11 at% Mn, designated as CrMn-11. A 

15 series of CoCrPt/CrMn-Il films were deposited onto 

250°C preheated smooth glass substrates. The CoCrPt 
film coercivities vs. CrMn-11 underlayer thicknesses 
are plotted in Fig, 13 in comparison with similar films 
on Cr underlayers. It is found that the films with the 

20 CrMn-11 underlayers all have higher coercivities than 
the films with Cr underlayers. When the underlayer 
thickness is higher than 10 nm, the coercivities of the 
CoCrPt/CrMn-11 films are 500 Oe higher than that of the 
CoCrPt/Cr films. The increase in the coercivity of the 

25 film is less for the CoCrPt/CrMn-11 films than for the 
CoCrPt/CrMn films having approximately 22% Mn. 

Another sputter deposited CrMn film having 
approximately 28% Mn content, designated CrMn-28, was 
prepared. All films with the CrMn-2 8 underlayers 

3 0 showed lower coercivities than the corresponding 

CoCrPt/Cr, CoCrPt/CrMn and CoCrPt/CrMn-11 films. The 
coercivity of a CoCrPt(40 nm) /CrMn-28 (50 nm) film 
deposited on a 250°C preheated smooth glass substrate 
was found to be 2650 Oe, which is ~38% lower than that 

35 of a similar CoCrPt/CrMn film (which has a coercivity 
of 4280 Oe) . X-ray diffraction G-28 scans of a thick 
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CrMn-2 8 film on a glass substrate showed an extra peak 
occurred at 28 = 3 9.18°. The peak may be (002) 
diffraction peak of the body center tetragonal a ,f phase 
based on the phase diagram, although a single 
5 diffraction peak can not provide enough information to 
completely identify the phase. The appearance of this 
second phase appears to deteriorate the epitaxy of the 
Co alloy. 

Those of ordinary skill in the art will appreciate 
10 that a number of modifications and variations that can 
be made to specific aspects of the method and apparatus 
of the present invention without departing from the 
scope of the present invention. Such modifications and 
variations are intended to be covered by the foregoing 
15 specification and the following claims. 
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CLAIMS 

What is claimed is: 

1. A magnetic recording medium comprising: 
a substrate; 

5 a Co or Co alloy film forming a magnetic recording 

layer; and 

a Mn-containing layer comprised of Mn or a solid 
solution Mn alloy disposed between said substrate and 
said magnetic layer to provide for an epitaxial 
10 crystalline structure in said magnetic layer, 

2. The recording medium recited in claim 1 wherein 
said magnetic layer has a magnetic c-axis oriented 
substantially parallel to said magnetic layer. 

15 

3. The recording medium recited in claim 1 wherein 
said Mn-containing layer is disposed in an effective 
amount to provide for diffusion of Mn into said 
magnetic layer. 

20 

4. The recording medium recited in claim 3 wherein: 
said magnetic layer includes grains having grain 

boundaries; and, 

said Mn-containing layer is disposed in an 
25 effective amount to provide for diffusion of Mn into 
the grain boundaries of said magnetic layer. 

5. The recording medium recited in claim 1 wherein 
said solid solution Mn alloy comprises a material 

30 selected from the group consisting of CrMn, VMn, TiMn, 
MnZn, CrMnMo, CrMnW, CrMnV, and CrMnTi . 

6. The recording medium recited in claim 1 wherein 
said solid solution Mn alloy comprises CrMn. 

35 
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7. The recording medium recited in claim 6 wherein 
said CrMn alloy is comprised of less than 28 at% Mn, 

8. The recording medium recited in claim 6 wherein 
5 said CrMn layer is at least 3 nm thick. 

9. The recording medium recited in claim 6 wherein 
said CrMn layer is comprised of 10-25 at% Mn. 

10 10. The recording medium recited in claim 9 wherein 
said CrMn layer is 3-100 nm thick. 

11. The recording medium recited in claim 1 wherein 
said Mn-containing layer is at least 3 nm thick. 

15 

12. The recording medium recited in claim 1 wherein 
said magnetic layer is comprised of a material selected 
from the group consisting of CoCrPt alloys and CoCrTa 
alloys . 

20 

13. The recording medium recited in claim 1 further 
comprising a seed layer disposed on said substrate. 

14. The recording medium recited in claim 13 wherein 
25 said seed layer is comprised of a material selected 

from the group consisting of MgO having an (002) 
structure, Cr, and CrTi. 



30 



15. The recording medium recited in claim 13 wherein 
said seed layer is comprised of a material selected 
from the group consisting of Ti, TiCr and Pt . 
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16. The recording medium recited in claim 1 further 
comprising an underlayer disposed between said 
substrate and said Mn-containing layer comprised of a 
material selected to promote epitaxial crystalline 

5 structure in said magnetic layer. 

17. The recording medium recited in claim 16 wherein 
said underlayer is comprised of a material selected 
from the group consisting of Cr, Cr alloys and a 

10 material having a B2-ordered structure and a lattice 
constant substantially comparable to Cr. 

18. The recording medium recited in claim 16 wherein 
said underlayer is comprised of a material selected 

15 from the group consisting of Cr, CrV, CrMo, CrW, CrTi, 
NiAl, AICo, FeAl, FeTi, CoFe, CoTi, CoHf, CoZr, NiTi, 
CuBe, CuZn, AIMn, AIRe, AgMg, and Al 2 FeMn 2 . 

19. The recording medium recited in claim 16 further 
20 comprising a plurality of underlayers comprised of two 

or more of said materials. 

20. The recording medium recited in claim 1 further 
comprising an intermediate layer disposed between said 

25 substrate and said Mn-containing layer comprised of a 
material selected to promote epitaxial crystalline 
structure in said magnetic layer. 

21. The recording medium recited in claim 20 wherein 
30 said intermediate layer is comprised of a material 

selected from the group consisting of Cr, Cr alloys and 
a material having a B2-ordered structure and a lattice 
constant substantially comparable to Cr. 
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22. The recording medium recited in claim 20 wherein 
said intermediate layer is comprised of a material 
selected from the group consisting of Cr, CrV, CrMo, 
CrW, CrTi, NiAl, AlCo, FeAl, FeTi, CoFe, CoTi, CoHf, 

5 CoZr, NiTi, CuBe, CuZn, AIMn, AlRe, AgMg, and Al 2 FeMn 2 . 

23. The recording medium recited in claim 1 further 
comprising a second magnetic layer, wherein said 
magnetic layer lies between said second magnetic layer 

10 and said substrate. 



24. The recording medium recited in claim 23 further 
comprising a Mn-containing inner layer disposed between 
said magnetic layer and said second magnetic layer. 

25. A magnetic recording medium comprising: 
a substrate; 

a Co or Co alloy film forming a magnetic recording 
layer having an epitaxial crystalline structure; and 

a Mn-containing layer comprised of Mn or a Mn 
alloy in contact with said magnetic layer, wherein said 
magnetic layer is between said substrate and said Mn- 
containing layer. 
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26. An apparatus for data storage comprising: 
a magnetic recording medium comprising, 

a substrate, 

a Co or Co alloy film forming a magnetic recording 
5 layer, and, 

a Mn-containing layer comprised of Mn or a solid 
solution Mn alloy disposed between said magnetic 
layer and said substrate to provide epitaxial 
growth of said magnetic layer; and, 
10 a magnetic transducer positioned in close proximity 

to said medium to record and read data to and from said 
medium. 

27. The apparatus recited in claim 26 wherein said 
15 medium further comprises an underlayer interposed 

between said Mn-containing layer and said substrate to 
promote epitaxial growth of said magnetic layer ♦ 



20 



28. The apparatus recited in claim 27 wherein said 
underlayer is a material selected from the group 
consisting of Cr, CrV, CrMo, CrW, CrTi, NiAl, AICo, 
FeAl, FeTi, CoFe, CoTi, CoHf, CoZr, NiTi, CuBe, CuZn, 
AlMn, AIRe, AgMg, and Al 2 FeMn 2 . 



25 29. The apparatus recited in claim 26 wherein said Mn- 
containing layer is comprised of a CrMn alloy. 

30. The apparatus recited in claim 26 wherein said 
medium is rotatable relative to said transducer. 

30 

31. The . apparatus recited in claim 26 wherein said 
magnetic layer has an epitaxial crystalline structure 
grown from said Mn-containing layer. 
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32. The apparatus recited in claim 26 wherein said 
magnetic layer of said recording medium includes grains 
having grain boundaries; and/ 

said Mn-containing layer is disposed in an effective 
5 amount to provide for diffusion of Mn into the grain 
boundaries of said magnetic layer. 

33. A method of producing an epitaxial crystalline Co 
or Co alloy magnetic layer on a recording substrate, 

10 said method comprising: 

disposing a Mn-containing layer comprised of Mn or 
a solid solution Mn alloy on a substrate to provide for 
epitaxial growth of a Co or Co alloy magnetic layer; 
and, 

15 producing the Co or Co alloy magnetic layer on the 

Mn-containing layer . 

34. The method of claim 33 further comprising the step 
of promoting interlayer diffusion of Mn from the Mn- 

20 containing layer into the magnetic layer. 

35. The method of claim 34 wherein said step of 
promoting comprises heating the Mn-containing layer to 
promote interlayer diffusion of Mn from the Mn- 

25 containing layer into the magnetic layer, 

36. The method of claim 35 wherein said step of 
heating is performed during said step of producing the 
magnetic layer. 

30 

37. The method of claim 33 wherein said step of 
disposing further comprises disposing the Mn-containing 
layer in an effective amount to promote an epitaxial 
crystalline structure in a magnetic layer produced on 

35 the Mn-containing layer. 
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38. The method of claim 33 wherein said step of 
disposing further comprises disposing a Mn-containing 
layer comprised of a CrMn alloy on the substrate. 

5 39. The method of claim 38 wherein said step of 

disposing further comprises disposing at least a 3 nm 
thick CrMn alloy layer on the substrate. 

40. The method of claim 33 wherein said step of 
10 producing further comprises depositing the magnetic 

layer at a temperature sufficient to produce interlayer 
diffusion of Mn from the Mn-containing layer into a 
portion of the magnetic layer. 

15 41. The method of claim 39 wherein said step of 

depositing comprises sputter depositing the magnetic 
layer at a temperature of at least 250°C. 

42. The method of claim 33 further comprising the step 
20 of interposing an intermediate layer between the Mn- 
containing layer and the magnetic layer. 

43. The method of claim 33 further comprising the step 
of placing a seed layer on said substrate. 

25 

44. The method of claim 33 further comprising the step 
of providing an underlayer between the Mn-containing 
layer and the substrate, 

30 45. The method of claim 44 wherein said step of 

providing comprises providing an underlayer comprised 
of a material selected from the group consisting of Cr, 
Cr alloys, and a material having a B2-ordered structure 
and a lattice constant substantially comparable to Cr. 

35 
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netics,^29^, ^5-5§\ 199 3^-9 M. 3676~367 

x*(Di\L^mmz-X%t£&mtifrhz>o jcmizm&zntcTmia-z, cr, mn 

-g-^TC^X (X = C, Mg, A 1 , Si, T i , V, Co, N i , C u, Z r , 
Nb, Mo, La, Ce, Nd, Gd, Tb, Dy, Er, Ta&XXFN) 
1~2>C r , T i , W, Mo, N i P, tebmcN i A l e A l &<t*<DB 

2mm^mm^^ti=5 0 B*&m6 2 - 1 e 4 2 0 5t±, s^iiMi^© 

F^lCMn, Mo, *fc«V(D-<— ^Jl^ffl-r5wi^i5«tbrv^So ^<©T 

*5$*5T®«, mCrX»hZ> 0 ^^^5 1 1 8 5 6 4fSJiflt r 
©Tl^fli<^fflt6r <b£lBiteLT^T, TS^^^-S^tCC r -Mo 
, Cr-V, *5<tO«C r -Mn^J: r ^^^rftffl-r^"5TtS1*^^I^LTV^ 

•So 

mmmwrnmic^^xte, w-mmmn. rn*tHcp co^im 

^^ftPs (BCC) C r Tl^Wi^^M^roxk^ 
•9^$ttT#fc 0 #^ B CoI^im ^rOcli, [0 0 0 2] fTC, ^ 

w-m^mi^. h^<ttm¥-ffi<Dcm<D*%fj:mftt bhizttmznzo bcc 
crTS^, ^ttb©T»^#*^tL5Hcp c o &&mm<Dm&m.frbfa 

iB*^ ©^t^^rv-T/^S^jeii-rS^ K. Kono, B. Wong*5 

<fc LKD . E. La u gh 1 i nt<t5 "Crystallography of 
Co/Cr bilayer magnetic thin films", 
Journal of Applied Physics 68 (9) 4734 
v 5 (1 9 9 0) ^£*L-CV^5 0 [0 0 0 2] co $*WB(DT^> t> L < 
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tij&< ,-S^C r t C o t<Dm<D^U3L\??*^T;l<Mm^ (0 0 2) * / 

/(HO)ft, (110) cr // (101) (110) cr // (10 0) 

c jSXXf (1 1 2) Cr // (10 0) co X'h^bo I^5Co/C raifcT^W 

fit* 1^5«fffilStM^fc5. HCPfl|atO^Sr(Ejl-r5a»/j;BCC« 

MoMEffltt* tfcBHCP Co^fl©, (0 0 0 2) i^Si^l^S 
[^]HCPTIiL<l4 (1 1 1) ttA*£*BK0>li'frSc2r (FCC) felTi^ 

fctf*, Pt, CoO/PtfeiMMCoCua <b*<^tf>3t/i t w (Dm it 
5r^|g-rSfc«){C^$tvr#fc 0 "Development of High 
Resolution and Low Noise Singie— lay 
ered Perpendicular Recording Media f 
or High Density Recording", IEEE Tran 
s. Magn., I3 3#, 9 9 6-1 0 0 H-^(l 9 9 7^1^) 

; "Compositional separation of CoCrPt 
/Cr f i lms for longitudinal recording 
and CoCr/Ti films for perpendicular 
recording" IEEE Trans. M a g n . , |2 7t, ^ 6 -5§\ 
'4 7 18-4 7 2 0^-^(19 9 1); "Properties of 
CoCrTa Perpendicular films prepared 
by sputtering on Pt under layer", J. M 
MM, |155^ m 1 ~ 3 206-208 v?( 1 9 9 6) ; IEEE 
Trans Ma g n. , I3 2t, 5 -J§\ 3840 — 384 2^—^(1 9 9 
6^9^) ; IEEE Trans. M a g n . , §30t, g£ 6 -5§\ 4020 — 
4 0 2 2^—^(1 9 9 4^1 lM);to£Tf "Development of 



(11) #*2 0 0 1 - 5 2 2 5 0 

High Resolution and Low Noise Single 
— layered Perpendicular Recording Med 
ia for High Density Recording" x IEEE 
Trans. Magn. f 3 3^ ^2-5§\ 9 9 6~10 0H-^ (19 9 

#@4#ffrKU, 6 5 2, 4 4 9ftt, IIWOTi^, s^WA, (V) 

£C r kiaSiJDPUt^Cft^Jlft^x., -?rtU£j; "JCoPttKiiCoPtC 
r#£<DHCP Co^iBCC C r VTM t <£>|HJK: J; 9 «fc V *#Hf-SE£-«riE 

Hf CSt •? iitnS^iv' y T^I 0 8/3 1 5, 0 9 6-^f4, NiAl&iTJ* 

f e a i t£¥<DB2mm&m%m*m^&mv.*^t*m\^\<^mM*m^x 
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n, VMn, TiMru MnZn, CrMnMo, C r MnW, CrMnVR 
<(iC rMnT i „ toi^KliC rMn^M^llSMn^tli:^ 
„ g#£^Jf £ O Fulfill £i3r-C^tr„ Co^KliCoMlMIll HC 

rtm^o ISlMgOli ffl1&ifc<Dft& LV^^T-fcSo Mn-^M^fifi. 

uti^sTi^j:!;/* + ra« ft , uhiji <t bssub t <d m \^mm & 

nZA2Mmt> b< ttB 2^fliJjeft«3jS^>^-ftt*»S:^r-r5'»«Sr-&tPo A2i 
m&ft-rzyoWtes £?£L<«Cr, fcSWiCrV, CrMo, CrWH< 
IJCrTi /i^Cr^fcS. C r W^^Sk^UKW^Eaft-T Ste^Sfe 

b 2 ^iu#jtsr^-r z>mm*. u * l < «n i a k a i c o , f e a 

K FeTi, CoFe, CoTi, CoHf, CoZr, NiTi, CuBe 
% CuZn, AIMn, Al Re, AgMgfci0A h F eMn 2 d^^5H^ 
fcoi b< fi, FeAlt)L<l±NiAK*fe5. f 
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U±.<Dftm*^tf^ £2S-e#So F*9Jfte> AMlftKlte^ 1 0 ~ 4 0 AJP£ T% C 
&m<D±iZffi))ti£nZ>o ±mii, Mn t b< IJMn^^^T'*!)#5 0 

*&m<om&t'ts TI5^!Hffi^#^-t-S £ biz. X <9 , ± <9 J: < JS8?-C# 6 : 
mi (a) ~ (c) hi, ^W^JtfilT*^ ^^o#jl*3ftwv^<o^<o||lfe«8 

I2all C r -MnSfffiVtMm&TFrr ; 
0 2bJ4. V-MnfiM^t; 
IH2c(i > Mo-Mn?ftli^t ; 
HI 2 dfi, T i -Mn ^p^fillll^^-r ; 
02ett, Co-Mn?f^iiSr/Tt; 

IH3{i, Cu Ka Xl^ftffltfc, ^bS iS^±©4^nyf^Cr 

El 4 fit', ^P^¥?t^7^S#:±^^^>/i:$^C rMnfciO'C r TJf _btf> 
4 0 n mJ¥£ C o C r P t ^<D^®(^|^:^^7?r^i- ; 

HI5«, 2 5 CC-e^Ufd^^^^^JK^a^^jy^^C rMniJiU 5 
C r TM±<D 4 0 n mj?£ C o C r P t HM>3pffirtffiHK**r*-*- ; 

0 6fl, 2 5 0 < CT*^Lfc^m^9^*^_hoa^O^:$OC rTI±©4 
0 nmg^C o C r P t McDX^Ie]^^^^ h/Vft^H" ; 

H17«, 2 5 0X:X+^'m\stc¥-mtf7X&fc-t<Dn*<DW-£<DC rMnTll 
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©40n mi*;* C o C r P t J^cOX^Htff^^^ h/^&Tjk-f ; 

i8(t ^PHft¥?t^7^^±^MK^ixfcMgOM_h<DC o C r P t ( 
4 0 n m) /C rMn (lOOnm) J^<£>XgftH]#f Z^-fr ; 

EI9« X 2 5 Or-C^m^^^S^itC^^-yrfc 1 0 Onmf^C rffl|<DT 

Ml Ott, 2 5 0tT^M7^Sft:±t#f ^itfc 1 0 Onmf^C rMn 

11 1 1 (i, 2 5 0X:X*^ ; $&\^tz.¥-mJJ"7 *&W±.<D2 0 nmf rMn*3ct 
T>*C r TI±©1* <Dm$<DC o C r TaK©W«^^f ; 

El 1 2f2, 2 5 Ot-C^fRibfc^yt^^^SfriO^^O/S^CDC r MnK 

J;t>*C rTS±<Dl 5 nmf^CoC r T a ^^FS^a^^^-f- ; f Lt 

12 1 3 fit, m*<Dm£<DC r *5J;T>*C rMn - 1 1 (Mn 1 1 %) TM±<D4 
0 n mjp:^ C o C r P t m<D¥-ffii*li&mJj<Dit®Z. £^-f 0 

^v^&^ihi&u sat. t ) b<«#g7 : -'-^ffis^e^^b-c#5c mm 

£tb-5Me e , C. D. 3oJ;TJ*D a n i e 1 , E. D. „ MAGNET I C R 
ECORD I NG N ^ I ~ I I I#(McGraw-Hi 1 U 198 7^3§?t) 
;F. Jorgenson^The Complete Handbook o 
f Magnetic Record ing, I16t(|3E 1 9 8 8^), 

&£Tf*m<&nm5, o 6 2, 02 m-&&m 0 *mw<Dm%nmmmz. wet® 
<d-7 is^-^/^mw&i&Ri-rz? xs^'s-ftvmwf << y^v t°— ^ 
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ui ( a ) &&m-rzt . *&m(omf5&amft ion 1*12, Mn^t 

114fcj;l)!lII16^A/T^5o Ml (b) lCjjk£tiZ>£ ptc. 

1 4*3«tlWK«Jil 6 t<DM^iaBT?#5. Ml6^ _LJ12 4£fflV^T. 
^X-Wm&WkZ 6 *Jit;f«i^J 2 8 «T'# 5.11 ( c ) l^^tbS 

CotL<l4CoM^Iil 6 tmte-tZo La»U Mn^filr, ^<D^m 

t Lti^ 1 0 ^(^tf c t 5 r t ^a#t-<# ffc^o ssflysswjwu m 

n^JI 1 4 itMI 1 6i(DP^|:^i2 2 <9 iitf^Jfe^t-^ LT, M 

1 o^#f>nrv^s 0 

fete, -^ffl^tL^o Mx-&. &mt)i)K Mn^mm*&x-m&&thtch<Diz&£ 

C rMnl^ift L< li'>4< 1 1 3 nmff$, t> o t * L < fi 1 
Onmff£«fc«?;fc#l^#fc:i&£-C#S. JftttLfctfeflNNi. #93 



(16) 0 0 1 - 5 2 2 5 0 4 

r Oftfc>«5 rMn^ffflfSiifl Mn^C r <fc <9 <b£ffi&r ^"Cfc^o 
Cr^-yy hOf5<tAyif^^^^-e^jt^tL5^)r% iUfcfcJEtJgC rMn* 
—f y M±, C r h J: 9 h^BXh^> 0 o 

&ti^%mmk\Z.to^X, Mnttil 4*5«fctWfcfUil 6te x 2 5 0^ 

(Dmmxh y> , mm-z, mnm 1 6 <om&^ t> u < tt«-emfi-e# art as^si 

fl-*i&££r_Hf Z>ZklZ.£Z>j%Mt)<Dm*te, Mn©C rMnfll«Uil^af$rjlB 

fi, ^tflii&tfV^l^ tfiS*f03Kt#{-*J-bT-Cfe5o David A. Port 
e r fcit^K e n n e t h E. E a s t e r i n g ^ " P h a s e Tran 
sformations in Metals and Alloys", $&ff 
# : V a n Nostrand Reihold Company, 98~10 
2 XL— ■ t£t>mzR. W. C a h n&itFP. H a a s e nM "Physic 
al Metallurgy, Part 1", 3S?T# :North-Holl 
an Physics Publishing £#fii 0 m^^Ttm^^mMUi 

mi. £biz*<Dtom&i-^x*mmmiz&?)&&tiz> "uterdif fu 

sion and Grain Isolation in Co/Cr Th 
in Fi l m s " , Y. C. Feng, D. E. Laughl i n&XZfD. 
N. Lambeth. IEEE Transactions on Magne 

tics, m3 o#, (i 9 94fiu) KmmztiZo mm^h 

zm^zm&&m^zfrftizin£x&&z£&mM£ti<£?o mm, Jiief e 
n &(D3\mxmmisti& ^m&iz. «v^Mfcu<tti$v«8« (rta 
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&mW<DmMftMn'g"&n. »$KliVMn, TiMn« MnZn, CrM 
nMo, CrMnW\ C r Mn V t> b < (iC r Mn T i T\ h o t t>£r * U < fi 
C r {C^^tLfcMn^g^S^C rMn^t'fcS. 12a 9 
fc, ^/l^Crtt, ^t©Mn«LTlll@^|*:|r^T*#5, MnOC r 

mx\^ 'pt£ <th\0 %(DM n „ toi <b£f * b < '>ft < t h 2 0 %©M 
n^tf 0 HI 2 a~2 e ZL$L9r^&\Z.m-$- < <D%f7£<Dftmm&l& 

(DWim^t^^kMmit. "Binary Alloy Phase Diagr 
a m s " , ^2 ^~f^ ^ftffff ASM International (19 

9 6) K&mzti. ^(Dm^n^i^mmm^^^ti^o 

3 3 

Mn (0. 01224nm /^=f) V>W-^M\±, Cr (0. 01200nm 
v^Aj^C r Kl^P^T, Mnm<Dfe7-7£mz£ *) J: 9t-C r Jl<Dte 

l^tR^, El 2 c fit, iJltOMn^, Mo^itCIii^MI-K-t^ 
T't^^i^^-t-o Mo (3. 14 A) (Dm^fe+fflMte. Cr (2. 2 8 A) 
fcJfctfcL-C^V^S, pg^4cOMo(i, CrMnWWWHTCrMnM 
o^^tT0^-C#So 

I2d(t TiMnOM^f, flSfflT?, IttCMnlj:, J3-Ti ( 
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bcc) bbi>\z®m<*<pizm<zk&x*zz> 0 <pmmbLx<D^<D&M 1 Mm<D 

^T/M&SLfc^tt, i&UX-bft%f>&X&Z 0 Rl^fC, PS^*<7)T i @ 

„ L< ttCot)L<|j:CoCr, CoSm, CoPr, CoP, CoNi, 
CoPt, CoNiCr, CoNiZr, CoPtNi, CoCrTa, CoC 
rPt, CoCrP, C o C r T a S i % CoCrPtSi, CoCrPtB, 
CoCrPtTa, CoCrPtTaB, CoCrPtTaNbft i£<D C o 
m. h&W%m<DWLto(DCo'&&M.%mX^ ^*V*:tltem2. 5 — 6 Onm (2 
5~6 0 0 A) mZXhZa 
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111811 Cr, Cr^tKli (0 0 2) ^jaJttSr^-f 5 B 1 &1IJ& 
*tt«5&-C*>t)»5o Ml 8&^5|lifel^cD#il;LVVMti\ (0 0 2) 
i^lWI*tt5C r t> U< UMg 0©iR-e*)5„ #M£iHM g O fi, ^r(D^ 

&+^x*mmwiz.m'!)&*tiz%m&&mmno 8/553, 8 9 3-^ciEtt 

1. 0nm~50nm (10~50 0A) H^tfe^ ^L<I4|)1. 0 n m 
~20nm (10~2 0 0A) m&Xh<9 „ l)oH^L<ttl>)2. 5nm~ 
20nm (25~100A) J¥£T*fc<9. toi^tL<|j:i|>)2. 5 n m~ 1 
Onm (25~100A) J?£-Cfc5 0 

hhze«h-s«e«[ (n) m*mm&m-fzTm<ofr&izm&zk&X'Zz>(zzx' 

, Crfcctt/CrV, CrTi, C rMo*5it;c rW/j:i'©A2«Mf t5 
C r-££u ftbtNCN i A 1 *3«tt5F e A 1 &i?<DB 2 &IIJfl*at«5«tf s -£*ft5 
o B2^IlMit, /j:WI;NiAl(a=0. 2 8 8 7nm), F e A 1 (a = 0 
. 29 1nm) 13 it>*C r (a=0. 2884nm) (D^tflK^Wlrt ^^t^-^E^. 

zm-rzmvmh. *&m<DTmiattmt£4%m&bfrti:£tiZo *5fcn ai 

Co(a = 0. 2 8 6 nm), FeTi(a=0. 2 9 8 n mK CoFe(a = 0 
. 285nm) > CoTi(a = 0. 2 9 9 nm), CoHf(a = 0. 316nm 
h C o Z r ( a = 0 . 3 1 9 n mh NiTi(a=0. 30 1nm), CuBe( 
a = 0. 270nmh CuZn(a=0. 2 9 5 n mh AlMn(a=0. 29 
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7nmK AlRe(a=0. 2 8 8 n m) x AgMg(a = 0. 3 2 8 nm)*5j; 

1 2 F e M112 (a = 0. 296nm) XhZ> a TJ1 1 4 fi, $f * b < fi&J 1 
0~2 00 nm (100~2 0 0 0A) f $©C r fcL< liN i A 1 T*fc5„ 

TI2 0I1 ^fcHulBy * h rt©i/,t5M © 2 o£i±©14rtA/"C*5 w i 
h*JlfeX*h?> 0 NiAl©I-ffcJ;l)!Cr, Cr^ FeAl, AICo, 
FeTi, CoFe, CoTi, CoHI« CoZr. NiTi, CuBe, C 
uZn, AIMn, AIRe, AgMgfcKttA h F eMn2©I-Mt 

%mm*<e;/vxfj:z>z.ttfx$ z> 0 ^mmmm^^^x, *mm2 

2fi{£/8£*vf\ C r Mng 1 4 1 6 tgfttLTV^S. fcofcl 

„ ±Jf 2 4(4, #£L<f4l~l Onm (10~100A 

) 

m£Xfo<9, W, Ta, Zr, Ti, Y N Pt, Cr, Mn, M n h L < fit 

HI (b) 3o4t>* (c) ^^tbSJ;5^> <ftSM&R2 6£r, ±I2 4« 
ill 6'bU<lil 6"<h{£«|£!g£2 6 £©|im::E«£*L5 4 5^. ±12 4©^ 
Wd^Sr ^^x-#S 0 ^i%i2 6it «MrtW*3ft«Sr-^^, 2. 5-3 0 
nm (2 5 — 3 0 0A) m£X$>Z> 0 otitis »t L< tt"fe7 5 fc5^ 
fiSiOz, S i C, CHxtL<iiCN,(;iT*(ix<l), ZrO^Ktt 

±(ClSm-r6^ £as-e#5. i^J2 8l±l~10nm (10-1 0 0 A) ff* 

fliJlCfiCC 1 2 FCC 1 F 2 . CF 3 (CFi) «CF 3n C F 3 (CF2) 5 CF., 



(21) #$200 1-5 22 5 04 

CF 3 (CF 2 ) .o CF., fciO ! CF3 (CF 2 ) .. CF 3 ^^ix5„ 

. T^xcDrntK mmm& (rf) y^*— k*'<**jj ^^i-x^mm^titz 

AK RFtL<liiSI (DC) T^hpy^y^yy^miottfSti 

Ktt*lS<&ftSWfc*#f*, U x 1 o" T o r t£X±. 7>o 

T^^V^^^)^^^^ y ^ffitf* i OmTo r r ft 5 iiuOg;fcfiE fcofc 0 * 

y ^^«> 10 0!7yh (2. 3W/cm 2 ) (DS^ACy^-e^JS^fc 
o fl&KIBttasftVMKtK (#*a»Mfc) Corning 7 50 0, #7*. N 

i p-T^^-^A, ^ft (ill) S iSfttfS. -r^-C©JBISrP»i-5fc«)tJ: 
^ffl^^fCo Ti?h>\ 2 -/n/V — yu*3 <tTJ«^ *>fo<D 3 o<7}# 

C o C o P.t^y tfy/^nCo C r^-yy h 

-Cfe<9, CrMn^-yyKl ^Mnf y/^f fS^EC r ^-^-7 hfco 
tz Q C r ^ — y y h it. 9 9 %^fifcofc 0 C o C r P t jgtSr, - 1 0 0 VSflc^ 
>rT*W<5>*— U Co^Ci^y/'!)^7X7 (I CP) ftffi 
fit, 7 8. 5%Co*5«ttJ ! l 2. 5%P t<DB.^,m^Ltc 0 ir^xcDm^m^ 



&ffi6o&£kft-ewmizmvtc&\^ testify 

ftS&ftf<MHMW\ CoCrPt^l3. 3 n m /^- ; C r & 1 3 n 
; C r Mn i5 l 0 n m/^ ; Mg 4 n m/^fco t Tencor Alp 
ha Step Profilometer &<£/8 LTffllff &S!JJ£ U 

EM). fci0Cu Kafi8ltT?O*f#Xi»lHl^fay^0 - 2 0 ^^-t^i 9 $F 
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VSMh 9 mm x 9 mm©]EM©^it±t-iteLfc 0 Mit&mQZltZfc 

^Mnf y^ft^^C r h^LT, C rMnl^-^ 

-fl-*£-&fc 0 I CP5>^«f^J;9aiJ^bfcC rMnillW, TEM 
2%Mn <b^^ofc 0 3£f^±<Z>^^s/ ^ — C r Mn^<£>XH[H]#f 0 - 

o H3fi, |>)4^DyJ|^©CrMnli»Xl9-2 9^=3rty^t„ H3 
<DXm^^^^7b^nWLtc^mm^ mo. 2 8 8 nmt% S#tf)K££C r 
(0. 28 84nm) ©|^»PfT*fc5 0 

gijtf)— igcDf^M&^T, C r fcctt/C r Mn TMAl<DC o C r P t <7)WB& 
, M (RT) T*S#_h^tt*£tbfc„ X^HJ^fS'J^W^^^^^ -etUcJ; 
9 C r&cfc^C rMnfitltf ^tlfcCoC r P t l«(D^^mi^^f±> M 

Hifci&MftT~£iRj?^o^Tc o c r pt/c r m^m^^mttm^^x^^ 

i^n^/^mfe^ft, ^rr-CfiC rtt<tiC rMnTl^ft5Co C r P 
0 i5ll (4 0nm) C o C r P t^OTif (^STffirtM* 

He (D^u y Nt?fc3 0 l*rof$(DC r Mn^SXUC r TI-h©4 0 nmifiC 
oCrPt)i©^ffi^Mttit ^ 1 :fc£^2 ^^tb^tu ^err-fit 

ti, m%m<Dm^xhi> 0 
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3E1 



C r MnJPS 


H c , Oe 


M,/M s 


S* 


M r t memu/cm 2 


1 0 0 nm 


4 3 15 


0. 9 0 


0. 9 0 


0. 8 7 


7 5 nm 


4 2 5 8 


0.8 5 


0.8 8 


0. 8 4 


5 0 n m 


4 2 8 0 


0.8 7 


0.8 9 


0. 8 8 


2 0 nm 


3 9 13 


0.8 9 


0. 8 9 


0. 9 5 


1 0 nm 


3 8 0 8 


0.9 1 


0.8 9 


0. 9 7 


5 nm 


3 7 8 2 


0. 8 7 


0. 8 9 


1. 0 6 


3 nm 


3 6 9 5 


0. 8 8 


0.8 9 


1 . 0 6 


0 nm 


8 6 5 


0. 8 4 


0.9 2 


1 . 2 6 



Bl2 



CrJIS 


H c > Oe 


M,/M s 


S* 


M r t m emu/c m 2 


1 0 0 nm 


2 9 6 1 


0. 8 5 


0. 7 7 


0. 9 3 


7 5 nm 


2 7 9 2 


0.8 2 


0.7 8 


0. 8 2 


5 0 n m 


3 2 0 2 


0. 8 5 


0.8 2 


0.9 1 


2 0 nm 


2 9 5 3 


0. 8 3 


0. 8 5 


0. 9 9 


1 0 nm 


2 9 2 5 


0. 8 4 


0.8 6 


1 . 0 3 


5 nm 


3 16 2 


0.8 7 


0. 8 8 


1 . 0 5 


3 nm 


3 0 9 2 


0.8 6 


0. 8 8 


1 . 11 


s 0 n m 


8 6 5 


0. 8 4 


0.9 2 


1 . 2 6 



CoCrP t/C rMnm<D&m.t)li. t^TC o C r P t/C r m<D^tl£ 

vi>m<. rmmztimiju-tzt, mi>mM-rz> 0 4 2 8 0 oe«»^ 

5 0 nmfC r MnTil©C o C r P t [Z.^\^Xmi£ Lfc#\ ^ttlteMU<DC 
o C r P t / C r iluO^ti^ Lfc 3 2 0 2 O e <fc <0 hMK^3^M^\ f:o 
tc3 nmU©C rMnTlii\ CoCrPt^Cr TM~C%htltzMcMW.X *) 

tji^v^3 6 9 o o G(D^mti\^m-t^<D\^mx^^ 0 —m^M^^Hcm<Dm 
td, ^jftv^s'^octt^Mr/M, •^e^bt>*^c^sv^M^ tm-z. cocr p t/c 

r 

liHCoCrP t/C rMnWi^tlSo 
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esolution and Low Noise Single— layer 
ed Perpendicular Recording Media for 
High Density Recording", IEEE Trans. Ma 
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gn. I3 3t,f 2^, 9 9 6~10 0 1^>-^(l 9 9 7^1^)lr#!!S 0 

#H1MMR4, 6 5 2, 4 4 9ftt, /i±2M(V) & C r IcSfe&D LT^O 
fc^jeSc&fc*^ ^;h,i£«fc DCoPt^KttCoPtCr 4^©HCP C o 

^bcc c r vr^^^rat-j;?) z\r>Ht*m&t:&m-rz'z. tizzy 

jN8^^m«5ii**L5?|eSaM^O 8/3 1 5, 0 9 6f|4, N i A 1 jSZTfF e 

±tf 4»M»H:,*W»I»'T?»* *rT®«lit<b LTfl^tLSo $ fete, 
C r ft j| IJ1 <fc 9 #81 * *UT t» § tbft < X %> <fc V ^MttM* * # b tt -5 RiDttft 

£3s-c£5 0 ua>u ii*nJi<z>teflif£, 3K3ftxs©»*=^ h*5±t^**t**rJ» 

5 a f tr'a - 9 tt^N— K-x * * K 9 ^.tQltK-lSl, 
filtttf;*! ±1^6/ XSr*-r5as«SB«ttE#T?«fc-*-C #3§§jico iocs 

©ttjmcBs-t-s. Mn^tut Tmmm, m&mmm* *>L<tt_LJi 
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n x VMn, TiMn, MnZn > CrMnMo % CrMnW, CrMnV.H 
<liCrMnT i % t> o £ *>£f * b < fiC rMii^bM*tl5Mn^tliI 

# ^ mtm t <pm\ ^-tz> n cot,L<nco -^a^t*. hcp mm u 

ii#tt5, ^iMgOB, U^tfeS. Mntti©! 

$ tt 5 Tm& £. x$/% fc b: «t» p^® « s -^f-a© t mfam t <o m k gas $ 

*l 5 A 2 »3& tl<t±B2 MlMft£#tifre> V a> -f- 5 tf o A2i 

5tSr^i-S#>K«, ^KttCr, fc^V^CrV, CrMo, CrWtL< 
liCrTi ^if©Cr^T?fc5. C r ©^J^fcSfcjmfcESttr 3*^J&* 
B 2mmmik$:^-tZ>%>n&. Kit U< fiN iAI, AICo, F e A 
1 % FeTi, CoFe s CoTi, CoHf, CoZr, NiTi, CuBe % 
CuZn, AIMn, AIRe, A gMgfeiVA 1 2 F eMn 2 ^b^5iJi^ 
mt£tl2>h<DX^ t 'b®* U< ti\ FeAUKBNiAK'fcS. ^flB 

&m t>mm<pmm frbti:z>m ttzh&x $>z>g>m Kjeatrt- zz.t& ^imx & 5 . 
»««iiJ2»-e;Rfr;h,-cv*-t *> i < , ±mt±^mwmx^tix^x t> <t v\, 

m&miJ tab mute / X*3 i tfa * b fiS&CIB&i&ftefe .fctflESy&fl: 
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*ISM<7)fim«. TfBOEIffiSr^figi-S^i^j; «fc *><}:< 3 j$¥T?# £ : 
Ell (a) ~ (c) W\ ^BJO^T ? ^x^(D#^#jt^VN<o^(D|liS^ 

@2a^ c r -Mn^m^mm^-r ; 

|2btt, V-Mn^fttil^t ; 
E)2c« N Mo -Mn^^li^Sr^-r ; 
Hl2dra\ Ti-Mn?f^ii^t; 
0 2 Co-Mn^f^ii^f; 

03lt Cu Ka Xm&&mV1t, mitS ig#Jb<£4 5^cr^$C r 

^4tt N ttum¥-mtf7Xmft-h<Dm*<Dm$(DC rMnt'i^C r TJl-h<0 
4 0 nm/¥£ CoCiP t ^(DW-mfa&MJl&TF-f ; 

B5tt s 2 5 0°C-e^fKlbfc5p?t^9^SflE_h<Oa><r©J?$<©C rMnW 
tFCr rm±<D 4 0 nmg ^CoCrPt J*© 3 ?® rtfitWWj ; 

0 6 » % 2 5 0°C-C^U^l5l2m^'7^.^_hOa>«r^J5$(DC r TI±© 
4 0 nmJ¥£ C o C r P t ^(DXj&mtfrX^i? hA^^i" ; 

B7W\ 2 5 0°C-CffiUfc¥?l^7^S^±©t*©J?$©C rMnTi 
_h© 4 0 n mJ?:§ C o C r P t ^(DXj&mtit*^? h^^^-t ; 

B8«, ^mt&y-mtf? *mit-t\zmmztitz.M g omm±<o c o c r p t 

(4 0nm) /CrMn (lOOnm) Ui(OXi||lH]Jff ; 
0 9f*. 2 5 0°C-C¥?f^7^S^±tC#«$-1irfcl 0 Onmi^C r J0l<D 

HI (Hi, 2 5 0°C^¥^;tf^*S#_h{£tt^£-l2:*:l OOnmf^C rM 

ni©TE MMwmmnmmt^-t ■, 

Hlltt, 2 5 0°CX*^mistc¥mtf ; 7X&ft±<D2 0 nmJ¥£ CrMn* 
£tfC rTI±©S^€j?$©CoCr T a tt©3piBrt<SWaiiASr*i- ; 
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m 1 2tt, 2 5 0° C-?^m^t£¥m#7 *m#-k<Dm* <Dm$<DC r Mn*5 
<fctfC rTl±©l 5 nmm^C o C rTalO^i^ftl^W ; -ett 

01 3fi, ^©^©CrfeWCrMn-l 1 (Mn 1 1%) TJtJi£>4 
0 nmmZC o C r P t ft&MJl<Dltm&7ik-f 0 

tHSMe e , C. D. *3«tt^D a n i e 1 , E. D., MAGNET I C RE 
CORDING, $91 — I I I^F (McGr a w-H ill, 1 9 8 7$m5fr) ; 
F. Jorgenson, The Complete Handbook of 
Magnetic Recording, $1 6 M(W 3 fig, 1 9 8 8 *5 «fc 

vxm&wfm5, 0 6 2, o 2 1 mm. *xnoi«cftiifi:B> gtzm? 
ehi (a) z&m-tzt. *&m<Dmfs.td,mtftiofi, ^#12, Mn^ 

Jgl 4*s±t«l«Jil 6 4r£//-efc3. Sbfci, 01 (b) 

MlSSr, T12 0[r1^ S#l 2jycjEirC€r$ 0 *M»2 2f>. Mn^f 
Si 4*J.fcl*WE*Ull 6 t©BB»cB«T?#«.*ftJil 6=Sr,JUi2 4MWr, 
0V>T?«SI*K2 6*3«tWaS»^J2 8 -5 „ 01 (c) fc^S*!,* 

auo3MStB*fc*5v^r, n—m*M 1 gj&^tgj g-flgaaJi 16^ 9, as— a 

Mill 6'&Jg-8MftJ|l 6 B t©^tttio^±£Ortl3 0*Siae$H-5o 

LV^Jfe^fcSiV^, Mn^Jil 4fi, fn«^- ^ > h£r^U, 
C o l< ttC o^MSli 1 6 itSttS. Ld>U Mn#^^r, ^tf^flfl 
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1 OfC#P>tfCV^„ 

C rMn@;W£U< f*4>£< i:fc3nmj|$, t>o £ L < 1 OnrnJ? 

r <Dftt>9\£C rMn&&mi-Z>Wbmte. Mn#C r i>) t^Mr ttfeS, 

#SLV^jft*B«K:*5V*-C. MnttH4i3j;^ir6^ 2 5 0°C 
ftHCitiaiC^Silfclftl 2l^^y^-^f$^o MnttSl 4 

f**ia«*rJb»f 5r SAMBA ©JltfcS^C rMnl^l#Slrj@i5M 
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nvm*vzL&mfrt>£.cnz 0 m anuria kmrn zm^zk* . ^g©^ 

£ ^&m%.&&n<D/</l'? X'tefZ<& mz fa7!>>5 feO -Cfe<5.D avid A. 
PorterfeWKenneth E.Easter ing Phase T 
ransformations in Metals and' Alloys". 
$&ff%t :Van Nostrand Reihold Company. 9 8~ 
1 0 2^— 3? ; ftbtffclR. W. C a h n*5£t*P. Ha a s e nM "Phys 
ical Metallurgy, Part 1", ^fr# : No r t h— Ho 1 
lan Physics Publishing £#J& 0 tf&O^&TtfgOfWJi 
£ e>{C-€:(Z>rt^5i--<-C*KiSB#^^!9 5i^ttS "Interdiff 
usion and Grain Isolation in Co /C r T 
hin Films". Y. C. Feng. D. E. Laughli n*3«kU«D. 
N. Lambeth. IEEE Transactions on Magne 
tics,f3 0#. I6f, (1 9 9 4^1 1 J§) luiafc**!,*,, mm&ttb, 

Feng <D3mx*tmvt£ J: 5 Ml^te. Sv^jMMi U< tt^MMtt (R 

ta) ate ^(D mum mm^ Mn^mmfahc o*a-&mf«.me>n^<z>MTi&m 

#iS©|g#Mn^4fi, £p-£L<fiVMn. TiMn. MnZn. CrM 
nMo. CrMnW. CrMnVfcKliCrMnT it% t>o k V< fit 

C r l;g»^fcMn(DlftWCrMn^-?fe5 0 B2 afcl;^£*L3«fc 5 
K, ^/l^Crtt. ^KOMn L Tt1fe@}g#:^4^T?f 5„ Mn©C r 

^<6*#*H\ H 2 a maE-Sv^f, ai-C2 5%J;9i>*tv^^9(t,feix8. 

4fe-CW\ 'M<HlO%©Mn, toH»4L<il '>?j:<t'|)2 0%©M 
n Sr-g-tfo i2a~2e I' ^ £ tt £ ~ J*£~£& i~ Wi~ 3 # < <r>mfE.<&®8£&m.'&. 
OlftKtr-g-tP^^El^. "Binary Alloy Phase Diagr 
a m s M2 f&LZf? :*S£Hf ^. ASM International (199 
6) MjLW^tK *©*Stt*Hi*W«fc:tt9i&*;ix3. 
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MnOiil (0. 0 1 2 2 4 nm 3 / / Jl^) Ji, C rCfil (0. 0 12 
OOnmVI^-) i^SA^^i*****^ - *"*?*^©-^ C t <Dfe^s<9 * 

C r »©«HF«««r*ft*** CrV* if<DffiOC r JiUftSo 

RJflllC* @2cli, RS»<^Mn^, M o 1 1 !C«ftH»ttfrfc «aW Sibil- 
5rJ:W. Mo©liSiil (3. 14A) ft, Cr (2. 2 8 A) Kit 
t!i!L-C:*:#V^ |S^I©Mo», C rMntOS^^liMlC rMnMo 

i (bcc) t ki>Km&ft'Plz.^B±£.z.k&'?%Z>o TOiLttoro^ 

So 

< ti:Tm Mf& i$ fr1tX>£M*te&-i- 5 w t \C i D . tt&JI ©x bT^ dr 
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IfflKttCotKBCoCr, CoSm. CoPr. CoP, CoNi, C 
oPt x CoNiCr, CoNiZr, CoPtNi, CoCrTa, CoCr 
Pt, CoCrP % C o C r T a S i > CoCrPtSi, CoCrPtB, C 
oCrPtTa,CoCrPtTaB,CoCrPtTaNb4 i£ <D C o 
fe5VM4t©M^C o^iSJg-C, %:fr^thteffi2. 5 — 6 0 nm (2 5~ 
6 0 OA) ff£-C&5o 
MlSte. Cr. CrMtKti (0 0 2) i^il^ttS B 1 « 

tfM4#ia£-?fc 0 #s„ u i 8 zm^zmmnmomt- \,^mm\t. (002)* 

^Hi^tt 5 C r L < i±M g ooilt* fe5c ^iHMgOte. ^(Oft^* 

^x*mm&te&Q&&ti?>*:mwwf i mmmo 8/553, 8 9 3-^-^15^$ 

m^VXmm^^^o Umt±. 5 0nmff££-?, ^L<«20nmg^f 

0nm~50nm ( 1 0 ~ 5 0 0 A) J? frit V < teffi 1 . 0nm~2 

Onm (1 0 — 200 A) mtSX-tb*) , o t * U < teffi 2 . 5 nm~2 0 

nm (2 5 — 2 0 0 A) ff£-C&>0 % fcoi ^ L < fc£$J 2 . 5 n m— 1 0 n 
m (2 5—1 0 0A) J?$-efcSo 

TJi2 0f4. — jtt^atM i 6<D^\??*>sTfrf&&*$L$L-rz><D\z.m-rz>m 

[ IWMKiEStt -f Sa», ^ IX tt ^<PfflF»OJ Dg^llBW j:»a«3ft «r»-^aT» 2 0 £ 
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CriSitfCrV, CrTi, C r Mo *3 iO'C r W&ifcDA 2*3t^:^ri-S C 
r-g-&, ftbtWCN i A 1 feit/FeAl ^JfOB 2 &f IJ^St^©^-^*^ 
B2Mmm^ 4fcOt|!lNi.Al(a = 0. 2 8 8 7nm) > F e A 1 (a = 0. 
29 1nm) feWCr (a = 0. 2 8 84nm) £>&£g!t{cge8H--5*& J ?;£ 

AICo (a = 0. 2 8 6 nm), FeTi (a = 0. 29 8nm), C 
oFe (a = 0. 2 8 5nm), CoTi (a = 0. 2 9 9nm), CoHf (a 
= 0. 3 16nmK CoZr (a = 0. 3 19nm), NiTi (a = 0. 3 0 
lnm), CuBe ( a = 0 . 2 70nm), CuZn (a = 0. 2 9 5nm), A 
lMn (a = 0. 2 9 7nm), AIRe (a = 0. 2 8 8 nm), AgMg (a 
= 0. 3 2 8 nm) *5 .fctfA 1 2 F e Mn 2 (a = 0. 2 9 6 nm) T?fe5 0 TJ1 
2 O te. 0* U < f±#*J 10~200nm (100~2000A) Jl^OCrfet 
< f*N i A 1 T?fe5 0 

TJI2 O ^^fc. HufBU^ hft<om&5^^2o^±<Z5JI&^A,T-&5^<i: 
fc^TtTefeSo N i A 1 Of-li3j:(J!C r , Cr^, FeAl, A 

ICo, FeTi, C o F e , CoTi, CoHf, CoZr, NiTi, Cu 
Be, CuZn, AIMn, AIRe, AgMgtt<»Al,FeMn,©II 

2!3:{£JB£*Li\ C rMn® 1 4 25«mJi 1 6 k&tel,X\,^Z> 0 fcofcl 
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i>55x-#S 0 ±l2 4fi, ^Klil~10nm ( 1 0 ~ 1 0 0 A) 
W. Ta, Zr % Ti, Y, Pt, Cr.Mn, Mn^H<H 
^ h <Dm<&1tfa h ft -5 r t tf* -c # 5 o 
131 (b) *5j:tf (c) Kl^£*l,5<fc5fc: % ^Uf 2 4aiB£^Uil 6tL<(41 

Q"twm®M2 6 t^ra^gHg^ns J; 5I^MMMK2_6_£_bJi 2 4©*MB!|K: 

M5iiiSf#5. ^Smi^2 6«. $«#Jlgii£g£ij.;U 2. 5-3 0 nm 
(25-3 0 0A) JfI£T-&5 0 -t*lH\ #*L<te-fc^5 5>^«fc5V>te:S 
i0 2 , SiC, CHxfcKfiCN, (r:t«x<iK Z r o 2 fc b< teC& 
£©^ir*r>* K««**>fefpfe*fc6 c *«IP»^J2 8 Sr. §Stl2 6 <*>_bfc: 
SEg-t-Si £as-?#5 0 P^J2 8fil~l 0 nm (1 0—1 0 0 A) J?£-C N 

1L.CC 1 2 FCC 1 F 2 , CF 3 (CF 2 ) 4 CF 3> CF 3 (CF 2 ) 5 CF S( C 
F 3 (CF 2 ) 10 CF 3 . 33£tfCF 3 (CF 2 ) ia CF 3 ^M. 

■f--<T(^lgdS, $&«§US2& (RF) 1*Xs<yfl) VmMiSfrltifi, 

R F L < \i.lMM (DC) h n>^^3'^ JJ ^^tCto-Ct^^^p^T? 

WtaSOl^tt^H:, y ? V ls ?ffi<Pm*]£ & 5 x 1 O-'To r r 
£A_b. A^T/V^y^©^^^ ? y^ffjJ 1 OmT o r rgofc, X^jy* 

yv^fi, 100!7yh (2. 3W/cm 2 ) <0@^A C^T^JiS^ tLfc Q flfe 
}-IES^^V^|5g9 N ¥»<**aNMt)C orning7500, #7.*, N i P - 
T/VS-^A, gfcffc (ill) s ^-C«)«(«rW«-r**:*l2:ttffi§ 

C o C o P t * — <7V *t^P tf$/^tt5Co C r^-^y h 

fc„ Cr^ — M4, 9 9%©i|fcofc 5 CoCrPtI!:, -100VI 
flc/^T^^/^^- U C o * y y !) V 7 (I CP) 
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&mt±. 78. 5jg^%Co. 9jf%C r jSXTfil 2. 5ii%Pt©iI^ 

' AtlttfettSKfttHU CoCrP t#l 3. 3nm/#;Cr#l 3 n m/# ; 
C r Mn ^ l O n m/^ ; Mg 4 n m/^fco fc, Tencor Alph 
a Step Profilometer =£r&ffl LTJ88?*-iBlJ£U WRfftfig 

flesrsufeu*:. n<ottiHi«i3t»L« m^m^m^m (tem), m?t> mmm (ae 
m),*j±i;cu Kam*f?<DM&xmmtftmj&e -2 a^-rvKj^SF^BL 

fc 0 T ESDI'S:, «MAtt?ytfy^ 7^^!)^, ov^t^ $ y ^ 

iC^iDiwKufc. »m»¥ffiF*3^v±.a^#ft^, ingaii^i (vs 

M) iaoT9mm x 9 mmOIE^^^^^iCOV2TS!|^ bfc 0 ttfk$-ffi 
ft! £-Sr5 0KOetX'«M, %i iatligfflLfc„ 

— tt*3*;fco I CP#}fe##n£i£«fc oajeufcC rMnlIOS)$a, T EM 
SrfflV^2 2M3l%Mn i^ofc 0 g#:_h<D;*yNV * — C r Mn|gtf>XigfclHl#f 
0-2 0*=*^«\ ^rtbiS^C rMifatA/^|^C*&^^tr^-t-Sr k&7* 
Lfco SI 3(4, ^J4 ^^d^^OC rMn^XiSle -2 0^^-r^$:^-r o 

m3<oxm***i'frt>$tni.itfe : ?i£mz s mo. 288nm^ MMia^^s 

Cr tP flm&ft ((). 2 8 8 4nm) £ f^-gfe<5„ 
J8Utf>— jStf>f*^fcl:}oV^sC r *5iT^C rMnTi±©C o C r P t cOff^ri*, 

(rt> -x*m&±tei*mztiit. xmrnvrmfewttfimmzti, ztuzzy) 
c r *jit;c r MnTit#f $iifcc o c r p t mnmmm&mtHzn, mm 

J; 5 CoCrPt/CrMnlH VSM^IV^tSlttt^ 
ift^rt-e^Ji:(-oV>TC o C r P t/C r HSli:«fUV^fiM«*ffi[«r*UTV>7Tt. 

mmmmmZtl. -t£-CttC rfct<l4CrMnTI^tt5CoCr P 



15 



(18) 



JP 2001-522504 A5 2005.11.24 



fc 0 m5tt, mfem uonm) coc t p tm&Tmmiztti-zstmft&Mti 

H c <DZfv y ht?fe5 0 1*©J|^C rMnfciUtC r TI±©4 0 nm^C 



mi 



C r MnJ?£ 


H c , Oe 


M r /M, 


S* 


M r t memu/cm 2 


1 0 0 n m 


4 3 15 


0. 9 0 


0. 9 0 


0. 8 7 


7 5 n m 


4 2 5 8 


0. 8 5 


0. 8 8 


0. 8 4 


5 0 n m 


4 2 8 0 


0. 8 7 


0. 8 9 


0. 8 8 


2 0 n m 


3 9 13 


0. 8 9 


0. 8 9 


0. 9 5 


1 0 nm 


3 8 0 8 


0. 9 1 


0. 8 9 


0. 9 7 


5 n m 


3 7 8 2 


0. 8 7 


0. 8 9 


1 . 0 6 


3 n m 


3 6 9 5 


0. 8 8 


0. 8 9 


1.06 


0 n m 


8 6 5 


0. 8 4 


0- 9 2 


1 . 2 6 



m2 



C r J¥£ 


H c , Oe 


M r /M. 


S* 


M T t memu/cm 2 


1 0 0 nm 


2 9 6 1 


0. 8 5 


0. 7 7 


0. 9 3 


7 5 n m 


2 7 9 2 


0. 8 2 


0. 7 8 


0.8 2 


5 0 n m 


3 2 0 2 


0. 8 5 


0. 8 2 


0.9 1 


2 0 nm 


2 9 5 3 


0. 8 3 


0. 8 5 


0. 9 9 


1 0 nm 


2 9 2 5 


0. 8 4 


0. 8 6 


1 . 0 3 


5 n m 


3 16 2 


0. 8 7 


0. 8 8 


1 . 0 5 


3 n m 


3 0 9 2 


0. 8 6 


0. 8 8 


1.11 


0 n m 


8 6 5 


0. 8 4 


0. 9 2 


1 . 2 6 



C o C r P t/CrMnHOHl^li, f^Co CrP t/C r lgltf>J£*L«fc 
Dt>iS5<. TJf/?$;&SJ£;Dn-t-5£> m.&*&1m-t%> 0 5 0 nmlCrMnTi±O 
C o C r P t t£Q^T 4 2 8 0 O e <D&kmtl& mi£ IfcriS. ^:tlii.m.U<O0 o 
C r P t /C r KHoV^it Lfc 3 2 0 2 O e «k V &^SC#H-i^V\, CoC 
r P t ;5SC r TMX-mibtltcMmm.*. <0 %i^3 6 9 0 O e (O^Mti^m-f 5 
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^iii^V^S**3«tTJ^M I /M a 'li^*bt^^^:^£V^M r tmti. CoCrPt/Crfi 
HCoCrPt/C rMnH(Cii$Jl5 0 

7(i> 10, 20, 50^itJ ! 100niiiOCrteJ:tJ!CrMnT®±©40n 
m<DCo C r P tg|<DX|£|I]#f*^^£^-ro S^^tt. m# m< l£Z>k C 
rfc*J;U!CrMn|||©^|C (0 0 2) 4teflB|ftHN8 U -tjxtf^fttt, (11 
2 0) C o C r P tM&W&<0=.\f#*r*/T}l'j8.&*m : &1rZ3 B CrMnflJ: 

©cocrp tm<DM®mt)\^ m<om^ (1120) ^-a-mifetcie 

H-TS, Lj5>U i7|Cj3(t5iV^C rMnTi-kOC o C r P tlJlxiil 
0 nmC rMn_bcOC o CrPtBl tt, S&l^ (112 0) \f— ? SiV^S, 
CoCrPt/Crli? tttl^V«^?rf f 3 0 

CrMn«fc:MN^ (0 0 2) &<g-jffl»&:S:#5 5 1 oO*ftB, MgOSfl: 
^HV^Sr i: tdJ;S 0 CoCrPt (40nm) /C r Mn (lOOnm) J^Sr, 
i§fc#0X&qW&;fc U"C, ^7^I*±©12nmJ?J©MgOig©±l:# 
3ilV^ (0 0 2) ^mSH-fkC rMnTI^C o C r P tWk&mMJj&M 
tbZfam^-tc. HI 8 f*, #9:*S#i:<£>C oCrPt (4 0nm) /C rMn (1 
OOnm) /MgO (12nm) ^CDX^EJff^^-r V, *3 &X*&)£~tZ)&Mt) 
^r^-f-o 0 8 tcH,k;ft,5 i 5 tC v 3SV> (1120) CoCrPt fcT— ^ £5 2 5 0 

0 2) *#fttft5CrMnTI#, M*«V»X#6>*tfc 0 

KOfl*ft 2 8 8 4 O e HffH4*fcC r Mn t> U< »C r TJf <D 
«**J:9t>SHfrWK:>:#V\ CoCrP t/CrMn/M g Og(4^ (00 

2) ffilo&sjtfm, 2 6o°c-ef»ihfc 

S#f£#*£;ixfcC o C r P t/CrMnlWf^tJ; 9 t>/h£ j&»ofc„ 

17 



(20) 



JP 2001-522504 A5 2005.11.24 



feme, mJjn<Dm.m&^M&tlfCo C r&itfC tMu<D»\^ (2. 5n 

m) I«:Sr2 5 0°C-efiLX, i^fiCoCrPt/CrMnfcj; 

^cocrp t /c r zjn'etikvmizftAVTMmviz. m3\z*&tiz>£5 

CoCrPt/CrMnlOftIM, C r !©}fAOfc«)l'4 3 1 5 O 
e^3 8 9 9 O e |C^'> ffe^FC o C r P t / C r S|(Dft^{i, CrM 
nI©ffA©fc»t2 9 6 1 Oe^3 3 93 O e fcj^ft & tbfe 0 



^3 





C rMnl 




CrTI 




c r 

U 


c r $>mm 


C r Mn 4»W 

m 


C r Mnt 


H c . Oe 


4 3 15 


3 8 9 9 


3 3 9 3 


2 9 6 1 


M r /M, 


0. 9 0 


0. 8 6 


0. 8 6 


0.8 5 


S* 


0. 9 0 


0. 8 8 


0. 8 2 


0. 7 7 


M r t „ m e m u / 
cm 2 


0. 8 7 


0.9 2 


1 . 0 2 


0. 9 3 



m^mtC rMnTiiO^OC r 4»^®O^Ai*, C rMnTI^ft^lg 
LXV>fe 0 CtUiMU C r Tii i ^(I'Praii UTCC rMnOffiffltt, C 

#^§ttfdC r *5<ktfC rMn^^Jl^^d^fccD-C, C o C r P t/C rM 
nfeWoCr P t/CrKOS«r*fl|3t^J:t^»^.^jRW: x * fflM <fc •? 

team® kmMLx^z&wm<Dm.&<D&mzh'3 1 b&m-tz>k&t>tiz> 0 .§ 
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I2eij:, C o tMn icr>F^<0~7n^^iSISr^i-o HCP CoMn (t-C 
o) CD*B##Jfcl/h£ft^S& v iSXxnAn^M^m-t 5HCP CoMn £ FCC 
CoMn (a -Co) t tf>|^£>$ggg|?.<Z>A<E>;* * — MSfc «fc t*M n 

ii^i-^i, J^Mn attr ^*^7/^fiHC P Co^I 

'>ts 0 ai^^ic^sttsae-fbw:. mn^c o c r p t^i^*u-rv^®^ 

b<£>Mn b< ^4Co•&^©M&^i{-l!ti^l-•CV^5r tSr»t*i--5o 

li%©Mnlr^tfCoC r P tfltftlTJIfeC r TlK^y^-f*t**5i 
fclCfc 5, MitLfco *J*y9 V ls?ti* Mnfy/^C o C r P t ^-^y h 

5 0°C) 5p?f^f9^S^-h^^^s/^ — SttfcC o C r P tMn/Crlll 

CoC r P tMn/CrltCoCr Pt/C r Mnlt Offlaft&tt, 2 o 
OM(-*5lt-5Mn<^^>fli-r5^^)^{;:^2gl^tb6/c^)5o 0!*.fi, Mnfi, 2 
2gi%Mn©C r Mnf^tC o C r P tl^i «9 5 M-?- %M n CO C o C 
r P tMnfi^C rf^ ft>ttfta>&£|C % ll®l$K:^&5i!m4$tt%^ UTV^ 
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^ff&g^^^^-^ftfcC rMnfci^C r jR<9|KIIBlf|j&«r, TEM^ffl 

^H^tutfjif^iirfc 1 0 0 nmJ|$©C r ^it^C rMngfOTEMiiili 

iit^^t. C r Mn^tt, Crgi!) t>^W*akH*|fcfe#«. 

C o-^A^o— Jtt«j3&affittSrW«-t-Sfc»K:, .iiJPWR*5*«*jxfc. CrM 
nTI-h»-I©C o C r 12 T a $B5L;fco lufBC o C r P tl^t>© 

g^±9> itO Co C r Ta/CrMnM, 2 5 0°CT'f ISSLfcS#± 
s< y $ —ttm £ iirfc IS 1 1 ft, B5gg£ (2 0 nm) OCr^tfCrM 
nTlK-Oi^Og^C o C rTaIO ?ffiM^(pyP S> V ^"To C 
o C r P t/C rMnjg^:fc#5l§^t^{aOH c <Z>5fc#3S, ^3teV>S^ttfc 
5^ 3£tg£*L;fc 0 C r Mn Tl±OC o C t T a loftl^ii, CrT@±® 
C o C r T a i^-e^J; 0 tf tit;^ofe 0 %c±<D&Mf) <D&W& . CrMnT 
i±<D*!l 10 n mif o C r T ai^i^t^^Jlfco HI 1 2 W\ ^fSfcUfc 

5F?t^^^S#:_h(CXx-?5/^— ttmiS^-kM^ng-isnC r *3j:tfC rMnTl 
_L<Z>1 5nmf$CoCrTali^W5, ??t*, fcflHHtfJtf*, CrTi 
«.fc «? %C rMnTiW5il^l.^to «at*©Bkil»4, Til 
mZ&miz-fZ ii^-t-So 0!l;tfc£, CoCrTa (4 Onm) /CrMn (2 
0 nm) «©fiH»*tt, i{aiDCoCrTa/CrIMJli!)i»7 0 0 Oe 
itSV\> 

CrMnTiOMnti^lfc^fX, -t^ttjfcWaWIISrW^fc. C r ^ 
y h-hOMn^s/^SrffgEbT. CrMn-1 lt^^ilS, lffii%M 
nOSE^iiafiK^^i-S^^j/^— K*r«3tUfe. -IOC oCrPt/CrMn 
-llMS:, 2 5 0°CtC^?&Ufc^M#7;*S{fc±K:tt^£*fc o CoCrP 
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3iC^n^ h-#-e„ C rMn-1 1 Tm&G1rZm&±^<X^_C r TM £*-t"£ 

±£^ b. CoCrPt/CrMn-l CoC r P t/Crl 

(DZrtlJ: D 500 O e £SV\ JgOi&a^fcl&ttSig*^ ifo 2 2 %©Mn 
t5Co CrP t/C tMnli 9 fc. CoCrP t/C rMn-1 1 jg<Z>;^S 

C r Mn- 2 8 t^*$;h,5, 2 8 %Mn-g-*£#i-55iJ<£>*^5/*— - tfM 
CrMnlSrHfiUfc. C r Mn - 2 8 Tf SrttSt^t©^, ffi^tSC 
o C r P t/C r % CoCtP t / C r Mn^JcTJ'C o C r P t/C r Mn — 1 
i«J:«?fcte^fiH8tfj&*Lfc. 2 5 o ° c tti Lfc¥?t^7 xS^±t#f 
^-frfcC o C r P t (4 0 nm) / C rMn-2 8 (5 0 nm) Bg«OfiMSfcfi ri, 
2 6 5 0 O e bfrfr^lttf, ZrtU-ZMi81.<Z>C o C r P t/C rMnffil (4 2 8 
0 O eCD'fJjM&^&^ri-^) O-ttbJ: t> 3 8%4£V\ #7*S#_h<Z>J¥V^C r M 
n- 2 8Bg©X>§&|I]#r0 - 2 0 X^c^^i-i, 2 0 = 3 9. 18°"i?4C5i^- 

ftV^S, rOb°— ^fiiiafcS^<^iE^a" tBCO (0 0 2) jelUrlf— 
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ttsmm^m t LTV^Mn^fcfS @*g#M n tfM n "g^ JI ; 

m^mnm ^ o m^.nn -c&tic-r s <z> ^ -n» & l -c v > 5 , tomb 

3. t(rffi@^{*:Mn-^^S N CrMn, VMn, TiMn, MnZn, CrMn 
Mo. CrMnW, C rMnV*5it)?C rMnT i ^?>*5^bl«il5#lf 

4. WEl»ji(Mn^C rMnSr^tf, »#3( 1 (CfUftOlBftjUtffc, 

5 . mrlBC r Mn^^S 2 8jSK^%;*;}&t<Z>Mn Sr^tf, ff^4 fCfB^<DfBlf!#| 

7. HUfBC r MnfiS 1 0 — 2 5l^%(DMn Sr^tf, fS^«4 fc|E«W|E^jSE 

8. B&IBC rMn§i53~l 0 0 n mZ>J?£ -C&><5 >ft^ 7 |Cfitt<Z>e*ittt. 

9. «TBMn^*Jgas^*< it 3 nmOJ?:$-e$>-5, tt*^ 1 t|B«W|B®ttE 

10. tfnBflS4tJgaS % C o C r P t ^jo <tU!C o C r T a 

1 2. StflBM^S, (0 0 2) iillrttSMgO, CriSiUtC r T i 
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13. mfemm&s t i , t i c t&xvp t*»e.*5»*>?>»«rixs*»ff** 

15. IWET*a«, Cr, Cr-g-fe, ft&tttCB 2&I!l#igr:io<J:t*C r fcHSTW 

16. iETI^, Cr, CrV, CrMo, C r W, CrTi, NiAK A 
ICo, FeAl, FeTi, C o F e , CoTi, CoHf, C o Z r , Ni 
Ti, CuBe, CuZn, AIMn, AIRe, A g M g *5 J; £*A 1 2 F e M 

1 8 . aftieatMKissi? 5^ tf ^ ^^T^jitftflijasriejti 1 -* ± 5 i-Kmfc^i 

l^^tp*raJl*SMIB«^^:i:SfrfBMn•^#Ji^;©re(^:se>^^:M$i^•CV^5 % m 

19. IfffE^raJgaS, Cr, Cr^. ft ktfJC B 2 ftHHftftfe £T*C r i^MM 

1 8 (cCttOGJftJKft:. 

2 0. ^15^^®^, Cr, CrV, CrMo, CrW, CrTi, N i A 1 , 
AICo, FeAl, FeTi, CoFe, CoTi, CoHf, C o Z r , N 
iTi, CuBe, CuZn, AIMn, AIRe, AgMg^oiO^A 1 2 F e 
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23. mis^wsr-^ififflifffcoT, mmmMMumm^ 
^zmmc o otitic o&&te&M l m<Dmc%L%.&Gvx^z> 

tEf £ *WfcM n £ ftm&fcM n ^Sr^tfM n X $> o X s H&fBM n fi 

So 

2 5. tfjfBTJg^ Cr x CrV, CrMo x CrW, CrTi, NiAl, A 
ICo, FeAK FeTi, CoFe, CoTi, CoHf s CoZr, Ni 
Ti> CuBe, CuZn, AIMn, AIRe, A g M g *5 J: TfiA. 1 2 F e M 

2 7. «rejK#^«WE*ijmte*hu-cia«5"t?#5, 2 3 tciBift©3£«o 

BfrlEM n i£Hm <0±iz C o * fc«t C o ^tt^JI Srft* £-£3 Igtfeo T, 
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so. mmm^TMimmmm.m^Hm^^T.m^mm^M. fs*^2 9 

2 9 icia^^^isfeo 

3 2. SfrlBgBgXa*5, C r Mn^ft«»±Cilt5i « 
jfc^S 2 9 ^IB«^>*"&o 

3 3. H$fBiBSX©*^ ^4 < H 3 nm»S©C t Mn*4l*«#±Ki« 
-T 5 n £ £ £ fc K^tts 3 2 

3 4. S?IIB#«X@dS, i%> 2 5 0"C ?> 

£-^tN 2 9 me*©**. 

3 6. tTOMnfr*»fcllWB^k©MlwT»*:Ktt*xa*Sfo^t?, IS* 
?29 \z.WM<nJofeo 

3 7. iWBT»*»»t»I»^ Cr> Cr£-&, fcfctffcB2«»J#*3itf8j:tf 
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